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Detailed Description 

... electrophoretically separating the dispersed carbon nanotubes. 
Although the additional separation step typically occurs after the 
nanoparticles are prepared, it is possible that separation may also 
occur prior to dispersion, during dispersion. . .onto the nanotubes, a 
change in the current -voltage (I-V) curve is used to detect the 
presence of a targeted analyte. 

101211 Avarietyof analytescanbedetectedusingthissensor, includinghydrogen 
(i.e., protons), ammonia , amine groups, CO and C02 . Nanotubes with 
ainine surface groups arising from the surfactants or. . . 
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DOCUMENT-IDENTIFIER: US RE30803 E 
TITLE: Colorless recording paper 

Detailed Description Text (11): 

A 2% solution of the hydrazoic acid salt of Michler's Hydrol in dioctyl phthalate is prepared; and this is 
emulsified in a 20% aqueous solution of polyvinyl alcohol containing a few drops of ammonia, using 
2.5 parts by weight of dioctyl phthalate to one part by weight of solid polyvinyl alcohol. The resultant 
emulsion is coated onto a paper web by standard coating procedures and air-dried to give a substantially 
colorless transfer sheet. When the coated side is placed in contact with an unfired kaolin-coated paper, 
pressure applied to the upper side transfers the recording fluid to the kaolin-coated receiving sheet to 
give a deep blue print which is not discharged by water. 
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TITLE: Visual indicating device for bad breath 

PUBLICATION-DATE: April 21, 2005 



INVENTOR-INFORMATION 
NAME 

MacDonald, John Gavin 
Huang, Yanbin 
McGrath, Kevin Peter 
Boga, RameshBabu 



US-CL-CURRENT: 600/53 



CITY 
Decatur 
Roswell 
Alpharetta 
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XAIMS: 



1-22. (canceled) 




STATE 

GA 

GA 

GA 
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COUNTRY 

US 

US 

US 

US 



23. A breath testing device comprising nanoparticles and a visual indicating agent that is color sensitive 
to at least one odorous compound present in the breath of a user. * 



24. The breath testing device of claim 23, wherein the odorous compound contains sulfur. 

25. The breath testing device of claim 23, wherein the odorous compound contains an amine. 

26. The breath testing device of claim 23, wherein the visual indicating agent contains a dye having the 
general formula (I) or (1 1): 8where, R is H, (NH.sub.2)C.sub.6H.sub.5-, or C.sub.6H.sub.5~; R' is 
(CH.sub.3).sub.2NC.sub.6H.sub.5--,(NH.sub.2)C.sub.6H.sub.5-, (CH.sub.3)C.sub.lOH.sub.6(OH)-, or 
(NaCO.sub.2)(CH.sub.3)C.sub.lOH.sub.5- (OH)--; and R" is (CH.sub.3).sub.2NC.sub.6H.sub.5», 
(NH.sub.2)C.sub.6H.sub.5~, (CH.sub.2)C.sub.l0H.sub.6O-, or (NaCO.sub.2)(CH.sub.2) 
Csub.10H.sub.5O-; 



27. The breath testing device of claim 23, wherein the visual indicating agent contains para rosaniline 
base, alpha-naphtholbenzein, napthochrome green, or combinations thereof. 



28. The breath testing device of claim 23, wherein the visual indicating agent contains 4,4 Ubis 
(dimethy lamino)-benzhy drol . 



29. The breath testing device of claim 23, wherein the nanoparticles have an average size of less than 
about 100 nanometers. 

30. The breath testing device of claim 23, wherein the nanoparticles have an average size of from about 
1 to about 50 nanometers. 

31. The breath testing device of claim 23, wherein the nanoparticles have a surface area of from about 
50 to about 1000 square meters per gram. 
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32. The breath testing device of claim 23, wherein the nanoparticles have an average size of from about 
100 to about 600 square meters per gram. 

33. The breath testing device of claim 23, wherein the nanoparticles include silica, alumina, or 
combinations thereof. 

34. The breath testing device of claim 23, wherein the visual indicating agent is contained on a substrate. 

35. The breath testing device of claim 34, wherein the substrate contains a fibrous material. 

36. The breath testing device of claim 35, wherein the fibrous material contains cellulosic fibers. 

37. The breath testing device of claim 34, wherein the substrate is located within a passage of a carrier 
portion. 

38. The breath testing device of claim 34, wherein the substrate covers an end of a carrier portion. 

39. The breath testing device of claim 34, wherein the visual indicating agent is applied to the substrate 
,as a solution. 

40. The breath testing device of claim 39, wherein the concentration of the visual indicating agent is 
from about 0.001 to about 1 5% wt/wt. 

41 . The breath testing device of claim 39, wherein the concentration of the visual indicating agent is 
from about 0.005 to about 2% wt/wt. 

42. The breath testing device of claim 23, further comprising a zone having a reference color, the 
reference color being the color to which the indicating agent will change upon exposure to the odorous 
compound. 

43. A dispenser containing the breath testing device of claim 1. 

44. The dispenser of claim 43, further comprising at least one breath freshener. 

45. The dispenser of claim 44, wherein the breath testing device and breath freshener are contained in 
different compartments of the dispenser. 

46. A breath testing device comprising a carrier portion defining a passage that is open at least one end, 
wherein the device contains nanoparticles and a visual indicating agent that is color sensitive to at least 
one odorous compound present in the breath of a user. 

47. The breath testing device of claim 46, wherein the carrier portion is a cylindrical structure. 

48. The breath testing device of claim 46, wherein the carrier portion is substantially flattened. 

49. A method for testing for bad breath in a user, the method comprising: causing the user to blow or 
breathe onto or into a carrier portion of a breath testing device, the breath testing device containing 
nanoparticles and a visual indicating agent that is sensitive to at least one odorous compound; and 
observing whether the visual indicating agent changes color. 
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PGPUB-DOCUMENT-NUMBER: 200501 12085 
PGPUB-FILING-T YPE : new 
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TITLE: Odor controlling article including a visual indicating device for monitoring odor absorption 
PUBLICATION-DATE: May 26, 2005 
INVENTOR-INFORMATION: 



CITY STATE COUNTRY 

Decatur GA US 

Roswell GA US 

Roswell GA US 

Do,BaoTrong Decatur GA US 

Kuznetsov, Irene Lawrenceville GA US 

US-CL-CURRENT: 424/76.1 

CLAIMS: 

What is claimed is: 

1 . An article for controlling odor, the article comprising at least one visual indicating agent that is color 
sensitive to the odor. 

2. The article of claim 1, which further comprises an odor absorbing agent. 

3. The article of claim 1, wherein the visual indicating agent is also an odor absorbing agent. 

4. The article of claim 1, wherein the indicating agent indicates when the article has been exposed to 
sufficient odor to saturate the article. 

5. The article of claim 1, wherein the indicating agent is located on an indicating device wherein said 
device is selected from the group consisting of discs, patches and strips, which is applied to or inserted 
into the article. 

6. The article of claim 1, wherein the indicating agent is printed in solution onto the article and allowed 
to dry so that the dried residue of the solution remains on the article. 

7. The article of claim 1, wherein the indicating agent is coated in solution onto the article and allowed 
to dry so that the dried residue of the solution remains on the article. 

8. The article of claim 1, wherein the indicating agent is applied in differing concentrations in two or 
more zones to indicate how much of the odor absorbing capacity of the article has not been utilized. 

9. The article of claim 1, wherein the indicating agent is applied in differing concentrations in two or 




NAME _ 

MacDonald, John Gavin 
Rame shBabu 
Jaeho 
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1 more zones to indicate how much of the odor absorbing capacity of the article has been used. 

10. The article of claim 1, wherein the odor is selected from the group consisting of body odor, foot 
odor, urinary odor, tobacco odor, meat odor, garbage odor, basement odor, mercaptans, sulfide, 
hydrogen sulfide, amines, ammonia, sulfur, sulfur degradation products, aliphatic acids, isovaleric acid, 
butyric acid and acetic acid. 

1 1 . The article of claim 1, wherein the visual indicating agent is selected from the group consisting of 
neutral red, 3-nitrophenol, Brilliant Yellow, chlorophenol red, Rose Bengal dye, D&C Red 28 dye, 4,4'- 
bis(dimethylamino) -benzhydrol (BDMD or Michler's hydrol), p ^rosaniline base, alpha- 
n aphtholbenzene, na phthochrome green, methyl red, methyl violet, methyl orange, bromocresol mauve, 
:Acid Blue 80, blue dye Calcocid Blue 2G, ethyl red, bromophenol blue, bromocresol green, crystal 
violet, cresol red, thymol blue, erythrosine B, 2,4-dinitrophenol, alizarin, bromothymol blue, phenol red, 
m-nitrophenol, o-cresolphthalein, thymolphthalein, alizarin Yellow Reller, cobalt salts and complexes, 
copper salts and complexes, copper phenanthroline complexes and iron salts and complexes. 

12. The article of claim 11, wherein the visual indicating agent is 4.4 f -bis(dimethylamino) -benzhydroL 

13. The article of claim 3, wherein both the odor absorbing agent and visual indicating agent are 4,4'-bis 
(dimethylamino) -benzhydrol . 

14. The article of claim 1, which is selected from a disposable odor absorbing sheet, diaper, 
undergarment pad, face mask, filtration device, sanitary napkin, tampon, panty shield and incontinence 
pad. 

15. An article for controlling odor comprising a nanoparticle selected from the group consisting of silica, 
alumina, magnesium oxide, titanium dioxide, iron oxide, gold, zinc oxide, copper oxide, and 
combinations thereof, having thereon at least one metal ion selected from the group consisting of copper 
ion, silver ion, gold ion, permanganate ion, chlorite ion, persulfate ion, iron ion, and combinations 
thereof. 

16. A visual indicating device for indicating the ability of an odor absorbing article to absorb odor, 
which includes at least one zone of a visual indicating agent that changes color when exposed to the 
odor, said zone having a concentration of the visual indicating agent that changes color to indicate that 
the article is saturated and should be replaced. 

17. A method for visually indicating when an article for controlling odor is saturated comprising the 
steps of: introducing into or onto the article a visual indicating agent that is color sensitive to the odor, 
and observing the change in color of the indicating agent when the article is saturated with the odor. 

18. The use of a visual indicating agent on an article for controlling odor, which provides an indication 
of when the article is saturated with the odor. 
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ABSTRACT: 

The present invention relates to a visual indicating device and an article for controlling odors, in 
particular foot, garbage, basement, cooking, pet, tobacco, feces and urine odors. The article comprises a 
visual indicating agent that is color sensitive to the odor, and optionally, an odor absorbing agent. The 
visual indicating agent changes color when the article has been exposed to a sufficient amount of odor to 
saturate the article. The indicating agent may be applied in differing concentrations to two or more zones 
so as to indicate to a user of the article how much of the odor absorbing capacity has been used, or 
conversely, how much of the odor absorbing capacity remains. Suitable visual indicating agents that 
change color in response to odors are also described. The article for controlling odors may be a 
disposable odor absorbing sheet, air freshening product, diaper, undergarment pad, face mask, air 
filtration device, sanitary napkin, tampon, panty shield or incontinence pad. 
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NAME 
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STATE 
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MacDonald, John Gavin 
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Boga, RameshBabu 
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US-CL-CURRENT: 424/76.1 

CLAIMS: 

What is claimed is: 

1. An article for controlling odor, the article comprising at least one visual indicating agent that is color 
sensitive to the odor. 

2. The article of claim 1, which further comprises an odor absorbing agent. 

3. The article of claim 1, wherein the visual indicating agent is also an odor absorbing agent. 

4. The article of claim 1, wherein the indicating agent indicates when the article has been exposed to 
sufficient odor to saturate the article. 

5. The article of claim 1, wherein the indicating agent is located on an indicating device wherein said 
device is selected from the group consisting of discs, patches and strips, which is applied to or inserted 
into the article. 

6. The article of claim 1, wherein the indicating agent is printed in solution onto the article and allowed 
to dry so that the dried residue of the solution remains on the article. 

7. The article of claim 1, wherein the indicating agent is coated in solution onto the article and allowed 
to dry so that the dried residue of the solution remains on the article. 

8. The article of claim 1, wherein the indicating agent is applied in differing concentrations in two or 
more zones to indicate how much of the odor absorbing capacity of the article has not been utilized. 

9. The article of claim 1, wherein the indicating agent is applied in differing concentrations in two or 
more zones to indicate how much of the odor absorbing capacity of the article has been used. 
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10. The article of claim 1, wherein the odor is selected from the group consisting of body odor, foot 
odor, urinary odor, tobacco odor, meat odor, garbage odor, basement odor, mercaptans, sulfide, 
hydrogen sulfide, amines, ammonia, sulfur, sulfur degradation products, aliphatic acids, isovaleric acid, 
butyric acid and acetic acid. 

1 1 . The article of claim 1, wherein the visual indicating agent is selected from the group consisting of 
neutral red, 3-nitrophenol, Brilliant Yellow, chlorophenol red, Rose Bengal dye, D&C Red 28 dye, 4,4'- 
bis(dimethylamino)-benzhydrol (BDMD or Michler's hydrol), parosaniline base, alpha- 
naphtholbenzene, naphthochrome green, methyl red, methyl violet, methyl orange, bromocresol mauve, 
Acid Blue 80, blue dye Calcocid Blue 2G, ethyl red, bromophenol blue, bromocresol green, crystal 
violet, cresol red, thymol blue, erythrosine B, 2,4-dinitrophenol, alizarin, bromothymol blue, phenol red, 
m-nitrophenol, o-cresolphthalein, thymolphthalein, alizarin Yellow Reller, cobalt salts and complexes, 
copper salts and complexes, copper phenanthroline complexes and iron salts and complexes. 

12. The article of claim 1 1, wherein the visual indicating agent is 4,4'-bis(dimethylamino)-benzhydrol. 

13. The article of claim 3, wherein both the odor absorbing agent and visual indicating agent are 4,4 f -bis 
(dimethylamino)-benzhydrol. 

14. The article of claim 1, which is selected from a disposable odor absorbing sheet, diaper, 
undergarment pad, face mask, filtration device, sanitary napkin, tampon, panty shield and incontinence 
pad. 

15. An article for controlling odor comprising a nanoparticle selected from the group consisting of silica, 
alumina, magnesium oxide, titanium dioxide, iron oxide, gold, zinc oxide, copper oxide, and 
combinations thereof, having thereon at least one metal ion selected from the group consisting of copper 
ion, silver ion, gold ion, permanganate ion, chlorite ion, persulfate ion, iron ion, and combinations 
thereof. 

16. A visual indicating device for indicating the ability of an odor absorbing article to absorb odor, 
which includes at least one zone of a visual indicating agent that changes color when exposed to the 
odor, said zone having a concentration of the visual indicating agent that changes color to indicate that 
the article is saturated and should be replaced. 

17. A method for visually indicating when an article for controlling odor is saturated comprising the 
steps of: introducing into or onto the article a visual indicating agent that is color sensitive to the odor, 
and observing the change in color of the indicating agent when the article is saturated with the odor. 

18. The use of a visual indicating agent on an article for controlling odor, which provides an indication 
of when the article is saturated with the odor. 
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L2: Entry 1 of 42 File: PGPB May 26, 2005 



DOCUMENT- IDENTIFIER: US 20050112085 Al 

TITLE: Odor controlling article including a visual indicating device for monitoring 
odor absorption 

Summary of Invention Paragraph : 

[0018] In some instances, the visual indicating agent and odor absorbing agent may 
be the same agent. For example, BDMB may be used as both the odor absorbing agent 
and the visual indicating agent for sulfur, amine and ammonia odors. 

Summary of Invention - Table CWU : 

1 TABLE 1 Indicating agents having the general formula (I) or (II) Indicating Agent 
R R' R" Indicating Agent for Michler 's Hydrol H (CH. sub . 3 ) . sub . 2NC . sub . 6H. sub . 5- - 
(CH.sub.3) .sub.2NC.sub.6H.sub.5-- Thiols, Mercaptans, (MH) Ammonia , Amines , 
Diamines and Polyamines Pararosaniline (NH. sub. 2) C.sub. 6H. sub. 5-- (NH.sub.2) 
C. sub. 6H. sub. 5-- (NH.sub.2)C.sub.6H.sub.5 — Ammonia, Amines, Base (PAB) Diamines 
and Polyamines Alpha- naphtholbenzene (ANB) C. sub . 6H. sub . 5- - 2 3 Ammonia, Amines, 
Diamines and Polyamines Naphthochrome Green (NCG) C. sub. 6H. sub. 5-- 4 5 Ammonia, 
Amines, Diamines and Polyamines 

Brief Description of Drawings Paragraph : 

[0025] FIG. 2 shows a standard curve for the detection of ammonia by BDMB ; 
Detail Description Paragraph : 

[0066] As shown in FIG. 2, a standard curve was derived using ammonium hydroxide 
solution as an ammonia odor source detected by BDMB (MH-dye) . In FIG. 2 the x-axis 
is the concentration of ammonia in ppb from 0 to 400 and the y-axis is the 
absorbance at 590 ran. Into each of 8 vials, 50 .mu.l of a specific concentration of 
ammonia solution (0, 0.01, 0.02, 0.04, 0.08, 0.16, 0.32, and 0.64%, respectively) 
was mixed with 150 .mu.l of MH solution (20 .mu.l of 10.0 mg/ml MH in CH.sub.3CN 
with 5.0 ml of 40 mM sodium acetate and 4 M guanidine HC1, pH 5.1), all available 
from Aldridge Chem. Co. of Milwaukee, Wis. and the vials were sealed and incubated 
for less than 4 min. 

Detail Description Paragraph : 

[0081] It was therefore concluded that BDMB is an effective, multi-functional odor 
reducing agent for sulfur, amine and ammonia odors which are major components of, 
among others, urine, feces, dog and cooking odors. 

Detail Description Table CWU : 

3 TABLE 3 Visual indicating agents and the specific odors that cause color change 
Visual Indicating Agent Odor or Odor Class Michler 1 s Hydrol Ammonia, amines, sulfur 
compounds Copper salts and complexes Ammonia, amines, sulfur compounds Rose Bengal 
(Acid Red 94) Sulfur compounds D&C Red 28 (Acid Red 92) Sulfur compounds Cobalt 
salts and complexes Sulfur compounds, aldehydes, amines Copper phenanthroline 
Sulfur compounds and amines Iron salts and complexes Sulfur compounds and amines 
Phenol red Aliphatic carboxylic acids Cresol red Aliphatic carboxylic acids Neutral 
red Aliphatic carboxylic acids 3 -Nitrophenol Aliphatic carboxylic acids Brilliant 
Yellow Aliphatic carboxylic acids Bromothymol blue Aliphatic carboxylic acids 
Chlorophenol red Aliphatic carboxylic acids Pararosaniline base Ammonia and amines 
Alpha-naphtholbenzene Ammonia and amines Naphthochrome green Ammonia and amines 
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US-CL-CURRENT: 424/76.1 

CLAIMS: 

What is claimed is: 

1 . An article for controlling odor, the article comprising at least one visual indicating agent that is color 
sensitive to the odor. 

2. The article of claim 1, which further comprises an odor absorbing agent. 

3. The article of claim 1, wherein the visual indicating agent is also an odor absorbing agent. 

4. The article of claim 1, wherein the indicating agent indicates when the article has been exposed to 
sufficient odor to saturate the article. 

5. The article of claim 1, wherein the indicating agent is located on an indicating device wherein said 
device is selected from the group consisting of discs, patches and strips, which is applied to or inserted 
into the article. 

6. The article of claim 1, wherein the indicating agent is printed in solution onto the article and allowed 
to dry so that the dried residue of the solution remains on the article. 

7. The article of claim 1, wherein the indicating agent is coated in solution onto the article and allowed 
to dry so that the dried residue of the solution remains on the article. 

8. The article of claim 1, wherein the indicating agent is applied in differing concentrations in two or 
more zones to indicate how much of the odor absorbing capacity of the article has not been utilized. 

9. The article of claim 1, wherein the indicating agent is applied in differing concentrations in two or 
more zones to indicate how much of the odor absorbing capacity of the article has been used. 
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10., The article of claim 1, wherein the odor is selected from the group consisting of body odor, foot 
odor, urinary odor, tobacco odor, meat odor, garbage odor, basement odor, mercaptans, sulfide, 
hydrogen sulfide, amines, a mmonia , sulfur, sulfur degradation products, aliphatic acids, isovaleric acid, 
butyric acid and acetic acid. 

1 1 . The article of clain/T^wherein the visual indicating agent is selected from the group consisting of 
neutral red, 3-nitrophenSl, Brilliant Yellow, chlorophenol red, Rose Bengal dye, D&C Red 28 dye, 4^'- 
hjsfHjrr^ (RDMD or Michler's hydrol), p arosaniline base, alpha - 
naphtholbenzene, naphthochrome green, methyl red, methyl violet, methyl orange, bromocresol mauve, 
Acid BlueTJO/blue dye Calcocid Blue 2G, ethyl red, bromophenol blue, bromocresol green, crystal 
violet, cresol red, thymol blue, erythrosine B, 2,4-dinitrophenol, alizarin, bromothymol blue, phenol red, 
m-nitrophenol, o-cresolphthalein, thymolphthalein, alizarin Yellow Reller, cobalt salts and complexes, 
copper salts and complexes, copper phenanthroline complexes and iron salts and complexes. 

12. The article of claim 11, wherein the visual indicating agent is 4,4 , -bis(dimethylamino)-benzhydrol. 



13. The article of claim 3, wherein both the odor absorbing agent and visual indicating agent are 4,4 f -bis 
(dimet hylamino)-benzhydr ol. 

14. The article of claim 1, which is selected from a disposable odor absorbing sheet, diaper, 
undergarment pad, face mask, filtration device, sanitary napkin, tampon, panty shield and incontinence 
pad. 

15. An article for controlling odor comprising a nanoparticle selected from the group consisting of silica, 
alumina, magnesium oxide, titanium dioxide, iron oxide, gold, zinc oxide, copper oxide, and 
combinations thereof, having thereon at least one metal ion selected from the group consisting of copper 
ion, silver ion, gold ion, permanganate ion, chlorite ion, persulfate ion, iron ion, and combinations 
thereof. 

16. A visual indicating device for indicating the ability of an odor absorbing article to absorb odor, 
which includes at least one zone of a visual indicating agent that changes color when exposed to the 
odor, said zone having a concentration of the visual indicating agent that changes color to indicate that 
the article is saturated and should be replaced. 

17. A method for visually indicating when an article for controlling odor is saturated comprising the 
steps of: introducing into or onto the article a visual indicating agent that is color sensitive to the odor, 
and observing the change in color of the indicating agent when the article is saturated with the odor. 

18. The use of a visual indicating agent on an article for controlling odor, which provides an indication 
of when the article is saturated with the odor. 

Previous Doc Next Doc Go to Doc# 
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apparent to those skilled in the art that various alterations, 
modifications and other changes may be made to the inven- 
tion without departing from the spirit and scope of the 
present invention. It is therefore intended that the claims 
cover or encompass all such modifications, alterations and/ 
or changes. 

What is claimed is: 

1. An article for controlling odor, the article comprising at 
least one visual indicating agent that is color sensitive to the 
odor. 

2. The article of claim 1, which further comprises an odor 
absorbing agent. 

3. The article of claim 1, wherein the visual indicating 
agent is also an odor absorbing agent. 

4. The article of claim 1, wherein the indicating agent 
indicates when the article has been exposed to sufficient odor 
to saturate the article. 

5. The article of claim 1, wherein the indicating agent is 
located on an indicating device wherein said device is 
selected from the group consisting of discs, patches and 
strips, which is applied to or inserted into the article. 

6. The article of claim 1, wherein the indicating agent is 
printed in solution onto the article and allowed to dry so that 
the dried residue of the solution remains on the article. 

7. The article of claim 1, wherein the indicating agent is 
coated in solution onto the article and allowed to dry so that 
the dried residue of the solution remains on the article. 

8. The article of claim 1, wherein the indicating agent is 
applied in differing concentrations in two or more zones to 
indicate how much of the odor absorbing capacity of the 
article has not been utilized. 

9. The article of claim 1, wherein the indicating agent is 
applied in differing concentrations in two or more zones to 
indicate how much of the odor absorbing capacity of the 
article has been used. 

10. The article of claim 1, wherein the odor is selected 
from the group consisting of body odor, foot odor, urinary 
odor, tobacco odor, meat odor, garbage odor, basement odor, 
mercaptans, sulfide, hydrogen sulfide, amines, ammonia, 
sulfur, sulfur degradation products, aliphatic acids, isova- 
leric acid, butyric acid and acetic acid. 

11. The article of claim 1, wherein the visual indicating 
agent is selected from the group consisting of neutral red, 
3-nitrophenol, Brilliant Yellow, chlorophenol red, Rose Ben- 
gal dye, D&C Red 28 dye, 4,4'-bis(dimethylamino)-bcnzhy- 



drol (BDMD or Michler's hydrol), parosaniline base, alpha- 
naphtholbenzene, naphthochrome green, methyl red, methyl 
violet, methyl orange, bromocresol mauve, Acid Blue 80, 
blue dye Calcocid Blue 2G, ethyl red, bromophenol blue, 
bromocresol green, crystal violet, cresol red, thymol blue, 
erylhrosinc B, 2,4-dimtrophenol, alizarin, bromothymol 
blue, phenol red, m-nitrophenol, o-cresolphthalein, thymol - 
phthalein, alizarin Yellow Reller, cobalt salts and com- 
plexes, copper salts and complexes, copper phenanthroline 
complexes and iron salts and complexes. 

12. The article of claim 11, wherein the visual indicating 
agent is 4,4'-bis(dimethylamino)-benzhydrol. 

13. The article of claim 3, wherein both the odor absorb- 
ing agent and visual indicating agent are 4,4'-bis(dimethy- 
lamino)-benzhydrol. 

14. The article of claim 1, which is selected from a 
disposable odor absorbing sheet, diaper, undergarment pad, 
face mask, filtration device, sanitary napkin, tampon, panty 
shield and incontinence pad. 

15. An article for controlling odor comprising a nanopar- 
ticle selected from the group consisting of silica, alumina, 
magnesium oxide, titanium dioxide, iron oxide, gold, zinc 
oxide, copper oxide, and combinations thereof, having 
thereon at least one metal ion selected from the group 
consisting of copper ion, silver ion, gold ion, permanganate 
ion, chlorite ion, persulfate ion, iron ion, and combinations 
thereof. 

16. A visual indicating device for indicating the ability of 
an odor absorbing article to absorb odor, which includes at 
least one zone of a visual indicating agent that changes color 
when exposed to the odor, said zone having a concentration 
of the visual indicating agent that changes color to indicate 
that the article is saturated and should be replaced. 

17. A method for visually indicating when an article for 
controlling odor is saturated comprising the steps of: 

introducing into or onto the article a visual indicating 
agent that is color sensitive to the odor, and 

observing the change in color of the indicating agent 
when the article is saturated with the odor. 

18. The use of a visual indicating agent on an article for 
controlling odor, which provides an indication of when the 
article is saturated with the odor. 

***** 
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US-CL-CURRENT: 436/111 

CLAIMS: 

What is claimed is: 

1 . A personal care product comprising indica tor h aving at least one deposit of an amine sensitive dye, 
placed in said product such that said dye deposiT is visible to an unaided eye. 

2. The personal care product of claim 1 wherein said dye is present in an amount of between about 
0.0001 and 20 weight percent on a dry basis. 

3. The personal care product of claim 1 wherein said dye is selected from the group consisting of 
chemicals of the general formula (I) or (II) 8where, R, R and R" may each independently be a 
substituted aryl group, a napthyl group, heteroaryl groups and hydrogen. 

4. The personal care product of claim 1 wherein said dye is selected from the group consisting of 
chemicals of the general formula (I) or (II) 9where, 10 

5. The personal care product of claim 1 wherein said dye is selected from the group consisting of 
pararosaniline base (PAB), alpha-naphthol-benzein (ANB), and naphthochrome green (NCG) and 
mixtures thereof. 

6. The personal care product of claim 1 wherein said indicator is selected from the group consisting of 
cellulose, woven or nonwoven fabric, cotton, silk, rayon, glass fiber, films, silica gels and latex particles. 

7. The personal care product of claim 6 wherein said indicator is between about 0.25 and 3 centimeters 
in width and about 8 to 25 cm in length. 

8. The personal care product of claim 6 wherein said indicator is between about 1 to 2 cm in width and 
about 1 0 to 1 5 cm in length. 

9. The personal care product of claim 1 wherein said personal care product is selected from the group 
consisting of and feminine hygiene pads and absorbent underpants. 
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10. A feminine hygiene pad comprising a liquid impervious baffle, a liquid pervious body side liner and 
having a target area, and an indicator having two ends and having at least one dried, solution applied 
deposit of an amine sensitive dye near an end, and wherein said indicator extends from immediately 
below said liner in said target area to immediately above said baffle. 

11. The feminine hygiene pad of claim 10 wherein said amine sensitive dye is selected from the group 
consisting of pararosaniline base (PAB), alpha-naphthol-benzein (ANB), and naphthochrome green 
(NCG) and mixtures thereof and is placed in sequential dots near at least one end of said indicator. 

12. The pad of claim 10 wherein said indicator is between about 1 to 2 cm in width and about 10 to 15 
cm in length. 

13. The pad of claim 10 wherein only one end of said indicator is placed adjacent said baffle. 

14. The pad of claim 10 wherein both ends of said indicator are placed adjacent said baffle. 

15. The personal care product of claim 1 wherein said personal care product is selected from the group 
consisting of and feminine tampons, swabs, removable patches, absorbent underpants. 

16. A method of providing a system for visually indicating the presence of amines that are characteristic 
of vaginitis, the method comprising: providing the feminine hygiene pad of claim 10, providing 
instructions to enable a user to properly place the pad, providing instructions to enable a user to visually 
examine the indicator at an appropriate time providing instructions to enable a user to visually interpret 
changes in the indicator; whereby a user is enabled to utilize the system to visually indicate the presence 
of amines that are characteristic of vaginitis. 
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ABSTRACT: 

There is provided a personal care product having a body side liner, a baffle and an indicator strip with 
two ends. The indicator has an amine sensitive dye near at least one end. The indicator extends from the 
target area just below the liner to just above the baffle such that the dye deposit is visible to an unaided 
eye. The dye changes color in the presence of amines which are characteristic of infection, thus alerting 
the user to the possibility of infection. Such an indicator placed in a feminine hygiene pad, for example, 
may be useful in the diagnosis of vaginitis. 

[0001] This application is a Continuation-In-Part of U.S. patent application Ser. No. 10/729,81 1 filed 
Dec. 5, 2003, commonly assigned, and claims priority from that case. 
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US-CL-CURRENT: 435/6; 435/23. 435/7.92 
CLAIMS: 

1 . A diagnosti c kit for detecting an amine, enzyme, or an enzyme inhibitor within a test sample, the kit 
comprising: a plurality of reactive complexes that each comprises a substrate joined to a reporter and a 
separation species, said substrate being cleavable by an enzyme to release said reporter; and a 
chromatographic medium that defines a first enzyme detection zone within which an enzyme detection 
signal is capable of being generated, wherein the presence or quantity of an enzyme, or an inhibitor 
thereof, is determinable from said enzyme detection signal, said chromatographic medium further 
defining an amine detection zone wi thin which is contained a chemichromic dye, said c hemichromic dye 
being capable of undergoing a color change in the presence of an amine, wherein the presence or 
quantity of an amine is determinable from said color change. 

2. A diagnostic test kit as defined in claim 1, wherein the enzyme is a protease or peptidase. 

3. A diagnostic test kit as defined in claim 1, wherein said substrate is a protein, glycoprotein, peptide, 
nucleic acid, carbohydrate, lipid, ester, or derivative thereof. 

4. A diagnostic test kit as defined in claim 1, wherein said substrate is casein, albumin, hemoglobin, 
myoglobin, keratin, gelatin, insulin, proteoglycan, fibronectin, laminin, collagen, elastin, or a derivative 
thereof. 

5. A diagnostic test kit as defined in claim 1, wherein said reporter comprises a detectable substance that 
is capable of directly generating said enzyme detection signal. 

6. A diagnostic test kit as defined in claim 1, wherein said reporter comprises a specific binding 
member. 

7. A diagnostic test kit as defined in claim 6, further comprising probes conjugated with a specific 
binding member, said probes comprising a detectable substance that is capable of directly generating 
said enzyme detection signal. 

8. A diagnostic test kit as defined in claim 1, wherein said separation species is a specific binding 
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member. 

^ J 

9. A diagnostic test kit as defined in claim 8, wherein a receptive material is immobilized within said 
first enzyme detection zone that has an affinity for said specific binding member. 

10. A diagnostic test kit as defined in claim 1, wherein said separation species is a magnetic particle. 

1 1. A diagnostic test kit as defined in claim 10, further comprising a magnetic device positioned 
adjacent to said chromatographic medium to immobilize said magnetic particle within a separation zone. 

12. A diagnostic test kit as defined in claim 1, wherein said chromatographic medium further comprises 
a second enzyme detection zone within which a second enzyme detection signal is capable of being 
generated. 

13. A diagnostic test kit as defined in claim 12, wherein a second receptive material is immobilized 
within said second detection zone that is capable of binding to said reporter or complexes thereof to 
generate said second enzyme detection signal. 

14. A diagnostic test kit as defined in claim 12, wherein a second receptive material is immobilized 
within said second detection zone that is capable of binding to probes or complexes thereof to generate 
said second enzyme detection signal. 

15. A diagnostic test kit as defined in claim 1, wherein said chemichromic dye is an arylmethane. 

16. A diagnostic test kit as defined in claim 1, wherein said chemichromic dye is a triarylmethane 
having the following general structure: wherein R, R 1 , and R" are independently selected from r 
substituted and unsubstituted aryl groups. / 

17. A diagnostic test kit as defined in claim 1, wherein said chemichromic dye is a diarylmethane. 

18. A diagnostic test kit as defined in claim 1, wherein said amine detection zone is positioned 
downstream from said first enzyme detection zone. 

19. A diagnostic kit for detecting an amine or a hydrolytic enzyme within a test sample, the kit 
comprising: a plurality of reactive complexes that each comprises a substrate joined to a reporter and a 
specific binding member, said substrate being cleavable by a hydrolytic enzyme to release said reporter; 
and a chromatographic medium that defines a first enzyme detection zone within which an enzyme 
detection signal is capable of being generated, wherein the presence or quantity of a hydrolytic enzyme 
is determinable from said enzyme detection signal, said chromatographic medium further defining an 
amine detection zone positioned downstream from said first enzyme detection zone, wherein a 
chemichromic dye is contained within said amine detection zone, said chemichromic dye being capable 
of undergoing a color change in the presence of an amine, wherein the presence or quantity of an amine 
is determinable from said color change. 

20. A diagnostic test kit as defined in claim 19, wherein said reporter comprises a detectable substance 
that is capable of directly generating said enzyme detection signal. 

21. A diagnostic test kit as defined in claim 19, wherein said reporter comprises a specific binding 
member. 
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22. A diagnostic test kit as defined in claim 21, further comprising probes conjugated with a specific 
binding member, said probes comprising a detectable substance that is capable of directly generating 
said enzyme detection signal. 

23. A diagnostic test kit as defined in claim 19, wherein said chromatographic medium further 
comprises a second enzyme detection zone within which a second enzyme detection signal is capable of 
being generated. 

24. A diagnostic test kit as defined in claim 23, wherein said second detection zone is capable of 
capturing said reporter or complexes thereof to generate said second enzyme detection signal. 

25. A diagnostic test kit as defined in claim 19, wherein said chemichromic dye is a triarylmethane 
having the following general structure: wherein R, R', and R" are independently selected from 
substituted and unsubstituted aryl groups. 

26. A diagnostic test kit as defined in claim 19, wherein said chemichromic dye is a diary lmethane. 

27. A method for detecting an amine, enzyme, or enzyme inhibitor within a test sample, the method 
comprising: i) contacting the test sample with a chromatographic medium, said chromatographic 
medium defining an enzyme detection zone and an amine detection zone, wherein an enzyme detection 
signal is capable of being generated within said enzyme detection zone and an amine detection signal is 
capable of being generated within said amine detection zone; ii) determining the presence or quantity of 
an enzyme or enzyme inhibitor from said enzyme detection signal; and iii) determining the presence or 
quantity of an amine from said amine detection signal. 

28. A method as defined in claim 27, wherein the quantity of an enzyme within the test sample is 
inversely proportional to the intensity of said enzyme detection signal. 

29. A method as defined in claim 27, wherein the quantity of an enzyme within the test sample is 
directly proportional to the intensity of said enzyme detection signal. 

30. A method as defined in claim 27, wherein said chromatographic medium further comprises a second 
enzyme detection zone within which a second enzyme detection signal is capable of being generated. 

31. A method as defined in claim 30, wherein the quantity of an enzyme within the test sample is 
directly proportional to the intensity of said second enzyme detection signal. 

32. A method as defined in claim 27, further comprising selectively controlling the pH level of the test 
sample to optimize the activity of an enzyme. 

33. A method as defined in claim 27, wherein the test sample is obtained from vaginal fluid. 
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ABSTRACT: 

A technique for detecting the presence or quantity of an enzyme (or enzyme inhibitor) and/or an amine 
within a test sample is provided. For example, in one embodiment, a diagnostic test kit is employed that 
utilizes reactive complexes that each includes a substrate joined (e.g., covalently bonded, physically 
adsorbed, etc.) to a reporter and a separation species. Upon contacting the reactive complexes, enzymes 
may cleave the substrate and release the reporter. Moreover, the test kit may also employ a 
chemichromic dye, i.e., a dye that exhibits a detectable color change upon chemical reaction with one or 
more functional groups, such as amino groups. The signal generated (directly or indirectly) by the 
reporter and chemichromic dye may then be used to indicate the presence or quantity of an enzyme (or 
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approximately 10 min. after shifting the 
growth temperature from 28°C to 42°C with 
gene E under transcriptional control of the 
Lambda P R /P L -cI857 system. Several E-speci- 
fic lysis plasmids with different resistance 
markers, origins of replication and gene E 
expression control have been published 
(Szostak et ah, 1996). In a modified procedure 
of E-mediated lysis (alternative E-lysis) high 
concentrations of MgS0 4 are used to inhibit 
transmembrane tunnel formation. Before 
induction of gene E expression 0.2 M MgS0 4 
is added to the growth medium. Gene E 
expression is induced 30 min. later and is 
allowed to proceed for another 30 min. before 
cells are harvested by centrifugation. Kesus- 
pension of the cell pellet, either in water or 
low ionic strength buffers, causes immediate 
lysis of the cells (Figure 1). Electron micro- 
graphs showed that Mg-lysis induces larger 
holes in cell envelopes cither in the middle of 
the cells or at the periseptal anuli (Figure 1). 

E-mediated lysis from plasmids with E. coli- 
relatcd origins of replication has been achiev- 
ed in various Escherichia coli strains, Salmo- 
nella typhimurium, Salmonella enteritidis, 
Klebsiella pneumoniae, Bordetella bronchi- 
septica, Helicobacter pylori, and Vibrio chole- 
rae. For Actinobacillus pleuropneumoniae, 
Haemophilus influenzae, Pasteurella haemo- 
lytica and Pasteurella multocida, new shuttle 
vectors with additional origins of replication 
were constructed. 



Recombinant Bacterial Ghosts 

For the production of combination vaccines 
against bacterial and viral pathogens or to use 
bacterial ghosts as carrier systems for other 
antigens, a membrane targeting system was 
developed for the attachment of foreign pro- 
tein entities to the inner side of the cytoplas- 
mic membrane (Lubitz and Szostak, 1991; 
Szostak and Lubitz, 1991 ). By cloning the for- 
eign DNA sequences into the membrane tar- 
geting vector pMTV5, any antigen gene can be 



expressed from the inducible lac promoter as 
a hybrid protein with N-, C- or N-/C-termi- 
nal membrane anchors directing and attaching 
the fusion protein to the envelope complex of 
the bacteria prior to E-mediated lysis. Humo- 
ral and cellular immune responses to the car- 
rier ghost and target antigens which are 
embedded into the highly immune-stimula- 
tory environment of the cell envelope have 
been determined (Szostak et al., 1996). The 
adjuvant components of the envelope com- 
prise LPS, peptidoglycan, lipids and all other 
attractants of the envelope complex con- 
tributing to effective uptake by primary anti- 
gen presenting cells. 



Recombinant S-Layer Proteins in Com- 
bination with (Recombinant) Ghosts as 
Candidate Vaccines 

The surface layer (S-layer) gene sbsA of Bacil- 
lus stearothermophilus has recently been 
sequenced (Kuen et al., 1994) and heterolo- 
gous expression of the cloned sbsA gene in E. 
coli has been achieved (Kuen et al., 1995). As 
shown by ultrathin sectioning of whole 
cells and immunogold labelling using SbsA- 
specific antibodies, expression of sbsA in E. 
coli led to accumulation of sheet-like self- 
assembling SbsA proteins in the cytoplasm 
(Kuen et al., 1995). Site-directed mutagenesis 
of sbs A and structural/functional analysis of 
S-layer domains essential for intra- and/or 
intermolecular interactions revealed flexible 
surface loops which accept foreign sequences 
of up to 600 amino acids. The recombinant S- 
layer proteins (rS-layer) showed self-asscmb-' 
ly structures identical to the wild-type SbsA 
(Figure 2 e,f). Such flexible recombinant sur- 
face loops of SbsA are desirable in vaccinology 
as carriers of foreign epitopes (Figure 2). With 
rSbsA proteins the immune response against 
specific proteins of recombinant bacterial 
ghosts can be boosted to enhance the immune 
response against corresponding bacterial or 
viral target antigens (Figure 2 a-c). In addition, 
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Fig. 2: Recombinant SbsA proteins as carriers of target antigens, a-c) Different rSbsA constructs carrying different tar- 
get antigens in flexible surface loops, d) Three different rSbsA proteins have been dissociated and recrystailized into a 
multiyaccine rSbsA structure, c) The expression of rsbsA in £. coli leads to the formation of sheet-like S-laycr struc- 
tures in the cytoplasm of the cells, f) Bacterial ghost carrying sheet-like rSbsA proteins with target epitopes in the inner 
space of the cell envelope. 



multivaccine components can be derived by 
mixing together multiple, different r-SbsA 
subunits, each carrying relevant immuno- 
dcterminants of pathogens (Figure 2 d). 



Induction of Immune Responses to Bac- 
terial Ghosts in Experimental Animals 

In order to determine the humoral immune 
response to bacterial ghosts, different experi- 
mental animals including mice, rabbits and 
pigs were used. They were immunized either 
by the intraperitoneal, subcutaneous or aero- 
genic route with or without booster immuni- 
zations. Scrum samples were analysed by 
ELISA using nonkilled whole cells, heat or X- 
ray inactivated cells, ghosts or specific target 
proteins as coating antigens. Analysis of the 
immune responses of such ghosts in different 
animal models indicates that ghosts induce 
humoral and cellular immune responses 
against cell envelope constituents including 
protective immunity against challenge infec- 
tions (Hensel et al., 1995, 1996; Szostak et al., 
1996). 



Endotoxicity of Bacterial Ghosts does not 
Limit their Use as Candidate Vaccines 

The endotoxin content of the Gram-negative 
cell wall has been suggested as a potential 
problem for non-living vaccines. Bacterial 
ghosts prepared from Escherichia coli 026:B6 
and Salmonella typhimurium C5 which in- 
duced dose-dependent antibody responses 
against bacterial cells or their corresponding 
LPS in doses from 25 to 250 ng kg' 1 when 
administered intravenously to rabbits in a 
standard immunization protocol, did not 
induce significant fever responses as deter- 
mined by test methods recommended by the 
US-pharmacopoeia (Mader et al, 1996). 



Bacterial Ghosts as Adjuvants 

The ability to induce an immune response 
depends not only on the molecular properties 
of the antigen or on the immunogenic suscep- 
tibility of the host but also on the antigen for- 
mulation. Adjuvants like tapioca, Alum, 
Freund's adjuvants, LPS and other cell wall 



8S 



constituents as well as n 
somes have been used t< 
fically the immune resj 
gen. Although it is not! 
each of the adjuvants a 
mune response, it is be 
deposition of the antig< 
is one of the major proj: 
second important role; 
macrophages and and 
resulting in the release 
immune response. Bact 
up of compounds sorri 
known immune stimulai 
and pcptidoglycan. Th| 
ghosts used as carriers' 
should enhance the imri 
target antigens. 

When compared to thi 
HIV-1 RT formulated I 
CFA, foil owing subcutai 
evoked an enhanced imi 
same magnitude for all 
With the intraperitoneal; 
ghosts induced an IgG i 
with CFA or with Alum 

It remains to be elucidate 
of the target antigens pi 
envelope structures ei 
anchored proteins or ai; 
combinant S-layer prote* 
packaging of antigens in 
the envelopes results in £ 
sponse against the foreig; ' 



Acknowledgements 

This work was support! 
Austrian Fonds zur Foe; 
schaftlichen Forschung 
Fraunhofer-Gesellschaft 
0594-V-4397). Michael S: 
research fellow. 



Material may be protected by copyright law (Title 17, U.S. Code) 




Bacterial Ghosts as Multifunctional Vaccine Particles 



195 



>s A constructs carrying different tar- 
. dissociated and recrystalliaed into a 
ormation of shcct-likc S-layer struc- 
teins with target epitopes in the inner 



f Bacterial Ghosts does not 
as Candidate Vaccines 

rontent of the Gram-negative 
sen suggested as a potential 
on-living vaccines. Bacterial 
from Escherichia coli 026:B6 
typhimimum C5 which in- 
pendent antibody responses 
1 cells or their corresponding 
;om 25 to 250 ng kg' J when 
itravenously to rabbits in a 
inization protocol, did not 
int fever responses as deter- 
methods recommended by the 
Deia (Mader ct al, 1996). 



ts as Adjuvants 

induce an immune response 
ly on the molecular properties 
r on the immunogenic suscep- 
jst but also on the antigen for- 
uvants like tapioca, Alum, 
ants, LPS and other cell wall 



constituents as well as microspheres and lipo- 
somes have been used to potentiate nonspeci- 
fically the immune response to a target anti- 
gen. Although it is not fully understood how 
each of the adjuvants act to enhance an im- 
mune response, it is believed that prolonged 
deposition of the antigen at the injection site 
is one of the major properties of adjuvants. A 
second important role is the activation of 
macrophages and antigen presenting cells 
resulting in the release of modulators of the 
immune response. Bacterial ghosts are built 
up of compounds some of which arc well- 
known immune stimulants like LPS or lipid A 
and peptidoglycan. Thus, ghosts per se or 
ghosts used as carriers of foreign proteins 
should enhance the immune response against 
target antigens. 

When compared to the immunogenicity of 
HIV-1 RT formulated with ghosts, Alum or 
CFA, following subcutaneous application, RT 
evoked an enhanced immune response of the 
same magnitude for all three formulations. 
With the intraperitoneal route, RT mixed with 
ghosts induced an IgG response higher than 
with CFA or with Alum (Szostak ct al., 1993). 

It remains to be elucidated which formulation 
of the target antigens packed into the ghost 
envelope structures cither as membrane 
anchored proteins or as paracrystalline re- 
combinant S-layer proteins or whether loose 
packaging of antigens into the inner space of 
the envelopes results in enhanced immune re- 
sponse against the foreign antigens. 
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bacterial ghosts share the functional and anti- 
genic determinants of the envelope with their 
living counterparts as protein E does not 
cause any physical or chemical denaturation 
processes to bacteria] surface structures. The 
lysis tunnel is restricted to a small pan of the 
total cell surface and hence the antigenic 
determinants of the living cells are not affect- 
ed due to cell killing (Witte et al., 1990; 1992). 

Ghosts are also excellent vehicles for targeting 
foreign proteins or other antigens to the pri- 
mary antigen presenting cells. For this pur- 
pose, the foreign target antigens are either 
attached to the inside of the cytoplasmic 
membrane of ghosts or are just mixed together 
with the ghost preparation {Szostak et al., 
1993). In the latter case the cell targeting and 
adjuvant properties of ghosts seem to be 



a) 




superior to Alum and complete Freunds 
adjuvant. 



Protein E-Mediated Lysis of Bacteria and 
Production of Bacterial Ghosts 

Lysis gene £ codes for a protein of 91 aa and 
exerts its lytic function by the fusion of inner 
and outer membranes and transmembrane 
tunnel formation (Witte et al, 1993; Schon et 
al., 1995). Except for the lysis hole, the mor- 
phology of the bacteria, including all cell sur- 
face structures and appendages, is not affected 
by the lysis event and the lysed bacteria (Fig- 
ure 1) structurally resemble their living coun- 
terparts since the peptidoglycan is not degra- 
ded (Witte et ah, 1992). Onset of E-mediated 
lysis can be observed in most E. coli strains 



om 



e) 




ma 




c) 



!ho«; LvnM ? I V - CCmC candl ^ te f s - ^-mediated lysis.of Gram- negative bacteria leads to the formation of 
- tn,r° yt ° P K miC f 0 ™? 1 Wlt - h f U * ed mncr < im > Pouter membrane (om) at the borders of the tZ mem 
brane tunnel structure (tt) sealing the penplasmic space (pp). b) Foreign proteins (o) exported toS^M^^c 

memC, ? °' f ho \ c ™^ Y™»*- c) ln ^"binant gUts foreign proteins (fpTa« SmK £sed 
causes l^^VZK^ ° f ^ c ^Pj a5 ^^mbrane. d >C ) The alternative E-mediated vs procedure 
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II 



Bacte 

approximately 10 min. aftel 
growth temperature from 28°^ 
gene E under transcriptional , 
Lambda P R /P r cI857 system. S 
fic lysis plasmids with diffei 
markers, origins of replicant 
expression control have be 
(Szostak et al, 1 996). In a mod j 
of E-mediated lysis (alternative 
concentrations of MgS0 4 are \ 
transmembrane tunnel form 
induction of gene E expression^ 
is added to the growth mecj 
expression is induced 30 mir 
allowed to proceed for anotherj : 
cells are harvested by centrifuj' 
pension of the cell pellet, eitr* \ 
low ionic strength buffers, caii 
lysis of the cells (Figure 1). Ej \ 
graphs showed that Mg-lysis * ; 
holes in cell envelopes either irf 
the cells or at the periseptal ani 

E-mcdiated lysis from plasmic 
related origins of replication hi 
ed in various Escherichia coli sj 
nella typhimurium, Salmonel 
Klebsiella pneumoniae, Bordi 
septica, Helicobacter pylori, anc 
rae. For Actinobacillus pleu\ 
Haemophilus influenzae, Pasti 
lytica and Pasteurella multocid 
vectors with additional origins 
were constructed. 



Recombinant Bacterial Ghost 

For the production of combinj 
against bacterial and viral pathcj 
bacterial ghosts as carrier syst; 
antigens, a membrane targetini 
developed for the attachment o: 
tein entities to the inner side o| 
mic membrane (Lubitz and 
Szostak and Lubitz, 1991). By c{ 
eign DNA sequences into the n 
geting vector pMTV5, any antigi 
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Summary 

Expression of cloned PhiX174 gene E in Gram-negative bacteria results in lysis of the bacteria 
by formation of an E-specific transmembrane tunnel structure built through the cell envelope 
complex. Bacterial ghosts have been produced from a variety of bacteria including Escherichia 
coli, Salmonella typhimurium, Salmonella enteritidis, Vibrio cholerae, Klebsiella pneumoniae, 
'^Actinobacillus pleuropneumoniae, Haemophilus influenzae, Pasteurella haemolytica, Pasteur- 
ella multocida, and Helicobacter pylori. Such ghosts are used as non-living candidate vaccines 
and represent an alternative to heat or chemically inactivated bacteria. In recombinant ghosts, 
foreign proteins can be inserted into the inner membrane prior to E-mediated lysis via specific 
or C-, or N- and C-terminal anchor sequences. The export of proteins into the periplasmic 
space or the expression of recombinant S-layer proteins vastly extents the capacity of ghosts or 
recombinant ghosts as carriers of foreign epitopes or proteins. Oral, aerogenic or parenteral appli- 
cations of (recombinant) ghosts in experimental animals induced specific humoral and cellular 
immune responses against bacterial and target components including protective mucosal immu- 
nity. The most relevant advantage of ghosts and recombinant bacterial ghosts as immunogens is 
that no inactivation procedures that denature relevant immunogenic determinants are employ- 
ed in the production of ghosts used as vaccines or as carriers of relevant antigens. The inserted 
target antigens into the inner membrane or into $- layer proteins are not limited in size. 



ey- Words: Bacterial ghost, multi-vaccines, genetic inactivation, carrier system, adjuvants. 




Introduction 

Vaccination with killed pathogenic microor- 
ganisms enables the immune system to come 
into a riskless contact with an otherwise life- 
threatening pathogen. The use of killed patho- 
gens as substitutes for the living infectious 
agents has been widely used as a principle for 
vaccine development. Non-living vaccines 
can easily be produced by chemical or physi- 
cal activation of pathogenic bacteria. In com- 
parison with subunit vaccines, non-living 
whole-cell vaccines have the advantage of pre- 
senting a complex array of antigenic determi- 
nants to the immune system. However, com- 
mon methods of inactivating infectious agents 



like heat-killing, irradiation or chemical treat- 
ment often result in reducing or altering the 
vaccines antigenic character and could be 
responsible for the loss of relevant immuno- 
genic epitopes (Miyamae, 1986; Holt et al., 
1990; Melamed ct al, 1991; Nencioni et al., 
1991; Ferguson et al, 1993). 

Genetic inactivation of pathogenic bacteria by 
the controlled expression of cloned bacte- 
riophage PhiX174 lysis gene E offers a prom- 
ising new approach in non-living vaccine 
technology. Expression of plasmid-cncoded 
gene E leads to the formation of a transmem- 
brane tunnel structure through the cell enve- 
lope of Gram-negative bacteria. The resulting 
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DOCUMENT-IDENTIFIER: US 20060003336 Al 
TITLE: One-step enzymatic and amine detection technique 



Description of Disclosure : 

[0052] Of course, any other suitable technique for capturing and detection the released reporters may 
also be used. For example, in some embodiments, non-biological receptive materials may be 
immobilized within the second enzyme detection zone 35 for capturing released reporters. Such non- 
biological receptive materials may be particularly useful in capturing, for example, released reporters 
that contain labeled particles. For instance, in one embodiment, the receptive material is a 
polyelectrolyte. Polyelectrolytes may have a net positive or negative charge, as well as a net charge that 
is generally neutral. Some suitable examples of polyelectrolytes having a net positive charge include, but 
are not limited to, polylysine (commercially available from Sigma-Aldrich Chemical Co., Inc. of St. 
Louis, Mo.), polyethylenimine; epichlorohydrin-functionalized polyamines and/or polyamidoamines, 
such as poly(dimethylamine-co-epichlorohydrin); polydiallyidimethyl -ammonium chloride; cationic 
cellulose derivatives, such as cellulose copolymers or cellulose derivatives grafted with a quaternary 
ammonium water-soluble monomer; and so forth. In one particular embodiment, CelQuat.RTM. SC- 
23 0M or H-100 (available from National Starch & Chemical, Inc.), which are cellulosic derivatives 
containing a quaternary ammonium water-soluble monomer, may be utilized. Moreover, some suitable 
examples of polyelectrolytes having a net negative charge include, but are not limited to, polyacrylic 
acids, such as poly(ethylene-co-methacrylic acid, sodium salt), and so forth. It should also be understood 
that other polyelectrolytes may also be utilized in the present invention, such as amphiphilic 
polyelectrolytes (i.e., having polar and non-polar portions). For instance, some examples of suitable 
amphiphilic polyelectrolytes include, but are not limited to, poly(styryl-b-N-methyl 2-vinyl pyridinium 
iodide) and poly(styryl-b-acrylic acid), both of which are available from Polymer Source, Inc. of Dorval, 
Canada. Further examples of polyelectrolytes are described in more detail in U.S. Patent App. 
Publication No. 2003/0124739 to Song, et al., which is incorporated herein in it entirety by reference 
thereto for all purposes. 



Description of Disclosure : ^ 
[0069] Triarylmethane dyes, for example, may have the following general structure: wherein R, R 1 , and 
R" are independently selected from substituted and unsubstituted aryl groups, such as phenyl, naphthyl, 
anthracenyl, etc. The aryl groups may, for example, be substituted with functional groups, such as 
amino, hydroxyl, carbonyl, carboxyl, sulfonic, alkyl, and/or other known functional groups. When 
contacted with the dye, the amino group of the amine (e.g., ammonia, diamines, and/or tertiary amines) 
reacts with the central carbon atom of the dye. The addition of the amino group causes the dye to 
undergo a change in color. An example of the resulting structure is set forth below: 

Description of Disclosure : C 
[0071] In some cases, triarylmethane dyes may be formed by converting a leuco base to a colorless <J ^J^ 
carbinol and then treating the carbinol with an acid to oxidize the carbinol and form the dye. Thus, for 
example, pararosanilin may be derived by reacting the carbinol form of pararosanilin (" pararosaniline 
base 1 ') with an acid, such as, but not limited to, sulfonic acids, phosphoric acids, hydrochloric acid, and 
so forth. The carbinol form of pararosanilin is set forth below. 




[0074] As indicated above, diarylmethanes may also be used in the present invention. One example of- 
such a diarylmethane is 4,4'-bis (dimethylamino) benzhydrol (also known as " Michler's hydrol"), which 
has the following structure: 

Description of Disclosure : 
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[0075] Still other examples include analogs of Michler's hydrol, such as Michler's hydrol 
leucobenzotriazole, Michler's hydrol leucomorpholine, Michier's hydrol leucobenzenesulfonamide, and 
so forth, as well as other diarylmethanes, such as malachite green leuco, malachite green carbinol, 
sodium 2,6-dichloroindopheno-late, rhodamine lactam, crystal violet lactone, and crystal violet leuco. 
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We describe the synthesis of a new substrate for the detection of p-galactosidase and evaluate its perfor- 
mance in comparison with 5-bromo-4-chloro-3-indolyl-p*D-galactopyranoside (X-Gal) and cyclohexenoesculetin- 
P-D-galactoside (CHE-Gal). Of 206 Enterobacteriaceae strains able to hydrolyze X-Gal, 194 (94.2%) hydrolyzed 
CHE-Gal and 192 (93.2%) hydrolyzed p-naphtholbenzein-p-D-galactoside (PNB-Gal). We conclude that PNB- 
Gal is an effective substrate for the detection of P-galactosidase. 



The enzyme p-galactosidase has long been regarded as an 
important taxonomic marker in microbial identification, par- 
ticularly among gram-negative species. The long-established 
o/f/ia-nitrophenyl-p-D-galactopyranoside test relies on the hy- 
drolysis of ortfto-mtrophenyl-p-D-galactoside by p-galactosi- 
dase, releasing yellow orf/ra-nitrophenol (5). Fluorogenic gal- 
actosides such as those based on fluorescein, resorufin, and 
4-methylumbelliferone are also well established (1, 8). When 
agar-based methods are used, chromogenic substrates that 
yield insoluble products are desired so that the aglycone re- 
leased by hydrolysis does not diffuse widely (3, 6). Indoxylic 
galactosides such as indoxyl-p-galactoside and its halogenated 
derivatives, including 5-bromo-4-chloro-3-indolyl-p-D-galacto- 
pyranoside (X-Gal), have advantages when used in solid me- 
dia, as the aglycone released is oxidized rapidly by air to pro- 
duce an insoluble colored product which is restricted to the 
colony mass (4). Although these substrates are very effective 
when used aerobically, their synthesis is not straightforward. 
Although many substrates for p-galactosidase have been de- 
scribed, there are few alternatives to indoxyl-based substrates 
suitable for inclusion in agar-based media. One alternative is to 
use a galactoside derivative of cylcohexenoesculetin, a core 
molecule which forms an insoluble black chelate when released 
by hydrolysis (3). Such substrates require the inclusion of iron 
in the medium, which can be a disadvantage as deaminase 
activity may also generate colored products in the presence of 
peptone and iron (2, 7). 

We describe the synthesis of a new chromogenic substrate 
for the detection of p-galactosidase, p-naphtholbenzein-p-D- 
galactopyranoside (PNB-Gal) (Fig. 1). The p-naphtholbenzein 
released by hydrolysis remains localized on bacterial colonies 
that appear pink. The effectiveness of this substrate was eval- 
uated in direct comparison to cyclohexenoesculetin-p-D-galac- 
toside (CHE-Gal) and X-Gal for the detection of p-galactosi- 
dase within the Enterobacteriaceae and other gram-negative 
species. 

p-Naphtholbenzein was obtained from Acros Organics, 
Geel, Belgium. CHE-Gal was synthesized by a method de- 
scribed previously (3). All other chemicals and materials were 
obtained from the Sigma-Aldrich Chemical Company Ltd., 
Poole, United Kingdom. The synthesis of PNB-Gal was as 
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follows. Five rnillimoles of p-naphtholbenzein (1.87 g) was 
dissolved in 20 ml of acetone with vigorous stirring. A 5 -ml 
solution containing 1.4 mol of potassium hydroxide/liter was 
added to this followed by an additional 10 ml of acetone. 
Approximately 5 ml of water was then added dropwise to 
generate a homogeneous deep-blue solution. Ten rnillimoles of 
a acetobromogalactose (4.1 g) was dissolved in 10 ml of ace- 
tone and added to this solution. In order to maintain the pH 
above 11, 2 ml of a 20-mol/liter potassium hydroxide solution 
was added after 30 min of stirring and again after 90 min. After 
3.5 h, a further 2 ml of alkali was added followed by an addi- 
tional 5 ml of a acetobromogalactose in acetone. After 4.5 h, 
another 2 ml of alkali was added and the solution was left, with 
stirring, overnight. 

The acetone was removed under reduced pressure, and the 
residual solution was poured into 300 ml of a 0.06-mol/liter 
sodium carbonate solution at 0°C with good stirring. The 
brown precipitate was separated by vacuum filtration, washed 
with water, and air dried. This solid was dissolved in 100 ml of 
dichloromethane and washed thoroughly with 0.5 mol of po- 
tassium hydroxide/liter at 0°C to remove most of the free 
p-naphtholbenzein. Residual p-naphtholbenzein was removed 
by stirring with Dowex Marathon resin in 100 ml of water at pH 
11.0 for 2 to 3 h. The purification was followed by tiiin-layer 
chromatography using ethyl acetate-toluene (3:1) as the sol- 
vent, with subsequent transient exposure of the chromatogram 
to ammonia. 

The deep-yellow solution was dried overnight using anhy- 
drous magnesium sulfate and was evaporated, reconstituted 
with methanol, and evaporated to produce a mousse. The 
mousse was directly dissolved in 50 ml of methanol and depro- 
tected over 5 h using a 20-ml solution containing 0.4 mol of 
sodium methoxide/liter of methanol. The methanolic solution 
was adjusted to pH 6.5 using ion-exchange resin (120[H + ]) and 
was separated by decantation and the solvent removed under 
reduced pressure. The glycoside formed a brownish yellow 
powder. This was removed, yielding 1.5 g of PNB-Gal. 

All galactosides used in this study were added to the media 
prior to autoclaving, which is normal practice in our laboratory. 
PNB-Gal agar was prepared as follows: 41 g of Columbia agar 
was added to 1 liter of distilled water, along with 100 mg of 
PNB-Gal. A 30-mg sample of the gratuitous inducer isopropyl- 
P-D-thiogalactopyranoside (IPTG) was also included, to aid 
the induction of p-galactosidase. The agar was sterilized by 
autoclaving for 10 min at 116°C. The medium was then allowed 
to cool to 55°C before being poured into 20-ml volumes. Both 
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tion (50 and 20 mg/liter); both were prepared as described 
above with IPTG included. 

Strains (397) of a range of species, including 333 Enterobac- 
teriaceae collected from a wide range of clinical and environ- 
mental samples, were identified using the API 20 E system 
(bioM6rieux). These strains were cultivated on Columbia agar 
at 37°C for 24 h. Each strain was then inoculated into physio- 
logical saline to produce an inoculum of approximately 10 8 
organisms per ml (equivalent to a McFarland standard of 0.5). 
Using a multipoint inoculator (Denley), 1 ui of each suspen- 
sion was then inoculated onto all three of the test media and 
Columbia agar as a growth control. Twenty strains were inoc- 
ulated per plate. 

All plates were incubated at 37°C for exactly 18 h. After 
incubation, PNB-Gal plates were examined for the presence of 
pink colonies, CHE-Gal plates for the presence of black col- 
onies, and X-Gal plates for the presence of blue colonies; 
Columbia agar plates were examined for growth as well. 

From the results shown in Table 1 it can be concluded that 
PNB-Gal showed good correlation with both X-Gal and CHE- 
Gal. Of 206 Enterobacteriaceae strains able to hydrolyze X-Gal, 
194 (94.2%) hydrolyzed CHE-Gal and 192 (93.2%) hydrolyzed 
PNB-Gal. None of the strains which failed to hydrolyze X-Gal 
produced any coloration with the other substrates; i.e., there 
were no false-positive results. The addition of X-Gal prior to 
autoclaving had no detectable impact on its performance. The 



TABLE 1. Hydrolysis of different p-galactosidase substrates by strains of Enterobacteriaceae and related species 

% Positive with substrate 

Gram-negative species No. of strains 







PNB-Gal with IPTG 


PNB-Gal 


X-Gal with IPTG 


X-Gal 


CHE-Gal with IPTG 


CHE-Gal 


Acinetobacter spp. 


53 


0 


0 


0 


0 


0 


0 


Aeromonas caviae 


7 


86 


86 


86 


86 


86 


86 


Aeromonas hydrophila 


3 


100 


100 


100 


100 


100 


100 


Citrobacter diversus 


9 


89 


78 


89 


89 


89 


67 


Citrobacter freundii 


16 


100 


81 


100 


100 


100 


100 


Enterobacter aerogenes 


9 


100 


67 


100 


100 


100 


100 


Enterobacter agglomerans 


1 


100 


100 


100 


100 


100 


100 


Enterobacter cloacae 


21 


100 


95 


100 


100 


100 


95 


Escherichia coli 


71 


83 


82 


83 


83 


83 


82 


Escherichia hermannii 


1 


100 


0 


100 


100 


100 


100 


Hafnia alvei 


10 


70 


70 


90 


90 


80 


80 


Klebsiella oxytoca 


13 


100 


100 


100 


100 


100 


100 


Klebsiella ozaenae 


3 


33 


33 


33 


33 


33 


33 


Klebsiella pneumoniae 


19 


100 


89 


100 


89 


100 


100 


MorganeUa morganii 


12 


0 


0 


0 


0 


0 


0 


Proteus mirabilis 


16 


0 


0 


0 


0 


0 


0 


Proteus penneri 


1 


0 


0 


0 


0 


0 


0 


Proteus vulgaris 


4 


0 


0 


0 


0 


0 


0 


Providencia alcalifaciens 


3 


0 


0 


0 


0 


0 


0 


Providencia rettgeri 


3 


0 


0 


0 


0 


0 


0 


Providencia stuartii 


10 


0 


0 


0 


0 


0 


. 0 


Salmonella spp. 


64 


0 


0 


0 


0 


0 


0 


Serratia odorifera 


1 


100 


100 


100 


100 


100 


100 


Serratia liquefaciens 


6 


83 


83 


100 


100 


83 


83 


Serratia marcescens 


8 


75 


75 


100 


88 


100 


100 


Shigella boydii 


1 


0 


0 


0 


0 


0 


0 


Shigella dysenteriae 


2 


0 


0 


0 


0 


0 


0 


Shigella fiexneri 


2 


0 


0 


0 


0 


0 


0 


Shigella sonnei 


10 


100 


100 


100 


100 


100 


100 


Vibrio cholerae 


1 


100 


100 


100 


100 


0 


0 


Yersinia enterocolitica 


14 


36 


36 


100 


100 


36 


36 


Yersinia pseudotuberculosis 


3 


0 


0 


0 


0 


0 


0 


Total no. of strains 


397 














Overall % positive 




48.3 


45.4 


51.9 


51.1 


48.8 


47.9 




FIG. 1. Structure of PNB-Gal. 



CHE-Gal agar and X-Gal agar were prepared in identical 
fashion, except that 300 mg of CHE-Gal and 80 mg of X-Gal 
were substituted for PNB-Gal, respectively. Ferric ammonium 
citrate (500 mg/liter) was also included in CHE-Gal agar to 
allow formation of the metal chelate. A duplicate batch of 
X-Gal agar was prepared in which the X-Gal was added after 
autoclaving once the agar had cooled to 50°C. Each chromo- 
genic medium was also prepared with IPTG excluded to assess 
the performance of each substrate in the absence of an enzyme 
inducer. In order to investigate the sensitivity of PNB-Gal, two 
more agars were prepared with a reduced substrate concentra- 
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performance of X-Gal was least affected when IPTG was ex- 
cluded, when it still detected 98.5% of fJ-galactosidase produc- 
ers compared with 92.2% by CHE-Gal and 87.4% by PNB-Gal. 
Overall, there were only a small number of discrepancies be- 
tween these three substrates; however, there was substantial 
variation in the ability of the substrates to detect 0-galactosi- 
dase produced by Yersinia enterocolitica. For example, X-Gal 
detected {J-galactosidase in all strains of Y enterocolitica, 
whereas only 5 of 14 Y enterocolitica strains (36%) were de- 
tected as weakly positive with both CHE-Gal and PNB-Gal. 

In all cases, strains which hydrolyzed PNB-Gal produced a 
clearly visible pink precipitate that remained highly restricted 
to the bacterial colony. Reducing the concentration of PNB- 
Gal resulted in a reduced sensitivity of the substrate. For ex- 
ample, when PNB-Gal was used at 50 mg/liter, 91.3% of pos- 
itives were detected, and when it was tested at 20 mg/liter, 
88.8% of positives were detected. 

We have shown that PNB-Gal is able to detect p-galactosi- 
dase activity in strains of Enterobacteriaceae and that its per- 
formance stands good comparison with that of both X-Gal and 
CHE-Gal. The substrate is highly sensitive at low concentra- 
tions, and its performance is almost identical to that of CHE- 
Gal when used at one-third the concentration. Even at 20 
mg/liter, if strains of Y enterocolitica are excluded, PNB-Gal 
detected 94.3% of all p-galactosidase producers. This is one 
quarter of the concentration used for X-Gal and 1/15 of the 
optimal concentration of CHE-Gal. The synthesis of PNB-Gal 
is very straightforward and cost-effective. This is because, un- 
like CHE-Gal and X-Gal, the core molecule required for der- 
ivatization is available commercially and is inexpensive, thus 
simplifying the synthetic process. This factor, combined with 
the high sensitivity of the substrate, makes the use of PNB-Gal 
highly economical. 



A further advantage of PNB-Gal is that cofactors are not 
required for generation of the colored product, as the core 
molecule is naturally colored and relatively insoluble. This 
offers a greater flexibility when using such substrates in chro- 
mogenic media, whereas X-Gal and CHE-Gal require oxygen 
and metal ions, respectively, for the generation of color. 

This work was supported by bioMeneux, La Balme-les-Grottes, 
France. 
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A61K049/00C12Q001/58. 



□ 23. RU2091796C . Diagnosis of Helicobacter infection - by determination of the ammonia 
content of orally expressed air. DOUGAL, S G, et al. G01N033/497. 

□ 24. WO 9730351 A . Detecting ammonia in exhaled breath of patient - by capturing exhaled 
ammonia, contacting it with indicator and detecting visible change, useful for subjects suffering renal 
failure or Helicobacter pylori infections in the gastrointestinal tract. BALDWIN, T J, et al. A61B000/00 
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□ 25. JP 09206095A . Detection of Helicobacter pylori - comprises inserting electrode detecting 
ammonia gas into digestive tract and indicating presence of ammonia gas by potential change. 
A61B001/267 A61B001/273 C12Q001/04 G01N027/30 G01N027/416 C12Q001/04 C12R001:01. 

□ 26. WO 9726827A . Measurement of ammonia in breath sample using laser - directed through 
sample in reduced pressure chamber and detecting transmitted light to obtain spectral response and 
hence ammonia concentration. SHARPE, S W, et al. A61B010/00 G01N021/35. 

□ 27. RU 2069699C . Diagnosis of chronic gastritis associated with Helicobacter pylori - by 
determination of presence of ammonia in gastric secretion, yellow colouration indicating chronic 
gastritis. GODUN, B S, et al. C12Q001/10. 

□ 28. JP 08145991A . Judgement of infection by microbes having urease activity to diagnose e.g. 
gastric ulcer - comprises oral admin, of hunger reagent and determn. of breath ammonia . A61 BO 10/00 
A61K049/00 G01N033/497 G01N033/50. 



□ 29. EP 679721 A . Detection of Helicobacter pylori - by analysis of stomach gas for ammonia and 
amines. ITO, M, etal. A61B005/08 A61B010/00 C12M001/34 C12M003/00 C12Q001/04 G01N021/00 
G01N033/497 C12Q001/04 C12R001:01. 

□ 30. US 54200 16 A . Device for detecting Helicobacter pylori by measuring urease levels - 
comprises a urease substrate, an ammonia -sensitive indicator and sulphamic acid. BOGUSLASKI, R C, 
et al. C12Q001/04 C12Q001/58 G01N021/00. 



[J 31. EP 643942A . Monitoring appts for ammonium levels in gastrointestinal tract, mouth or 
bladder - has ammonium sensitive glass electrode sensor attached to catheter and connected to 
ambulatory digital electronic recorder. ESSEN-MOELLER, A, et al. A61B005/00. 



|J 32. JP 07005 175 A . Rapid measurement of Helicobacter pyroli antibody amt. in serum - by 
determining urease activity inhibition by antibodies using ammonia assay. C12Q001/58 G01N033/53 
G01N033/569 C12Q001/58 C12R001:01. 



□ 33. EP 633946B . Detection of urease in human biological tissue - by contact with buffered urea 
and using formed ammonia to change colour of indicator, used esp. for diagnosing Helicobacter pylori 
infection. BOGUSLASKI, R C, et al. C12M001/40 C12Q001/00 C12Q001/04 C12Q001/26 
C12Q001/58 C12Q001/62 G01N021/77 C12Q001/04 C12R001:01. 



□ 34. US 5409903A . Treating Helicobacter pylori infection or dermatitis - by removing 
bixarbonate or ammonium ions or urea using e.g. zeolite or di:basic magnesium phosphate. KAPPAS, 
A, et al. A61K009/14 A61K009/26 A61K009/50 A61K015/00 A61K031/19 A61K031/715 A61K033/06 
A61K033/42. 
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51. JP352075655A . . 24 Jun 77. CATALYST CHANGE BY FLUID TRANSPORTATION IN 
AMMONIA REDUCTION DENITRATION APPARATUS . SHIRAISHI TADASHI, et al. 502/21. 



IJ 52. JP352040191A . 25 Sep 75. 28 Mar 77. METHOD AND APPARATUS FOR CONTINOUS 
ANALYSIS OF AMMONIA . KATO, YASUYOSHI, et al. 423/239.1. G01N031/10;. 



□ 53. DEO 1 020583 8C1 . 13 Feb 02. 03 Apr 03. Analysis apparatus for determining concentration of 
nitrite, nitrate, ammonia, ammonium ions and phosphate in fish-rearing tanks or clarification basins has 
single test tube automatically filled with sample and reactants. RAPPL, ACHIM, et al. G01N021/25; 
G01N021/78 G01N021/11. 



□ 54. DEO 1 9963283 Al . 27 Dec 99. 06 Jul 00. Two-phase ammonia, for metal organic chemical 
vapor deposition of gallium nitride based layers in production of semiconductor devices such as blue- 
emitting light emitting devices, has a liquid phase with a specified low water content. HAYASHIDA, 
HIDEKI, et al. C01C001/00; C30B029/38 C30B023/00 C30B025/00. 



□ 55. EP000670491A2 . 01 Mar 95. 06 Sep 95. Method and device of measuring the concentration of 
total ammonium in a liquid medium.. ALEGRET, SANROMA SALVADOR, et al. G01N033/18;. 



□ 56. EP000272548A2 . 09 Dec 87. 29 Jun 88. A process for obtaining ferric oxide and ammonium 
salts, and a pparatus for carrying out said process.. NUPIERI, HELIO, et al. 423/471 423/545 423/633. 
C01G049/06; C02F009/00. 



□ 57. JP2006026529A . A pparatus for processing ammonia ejected from ammonia processing plant, 
such as power station, has gas mixing board provided between several ammonia decomposition 
catalysts, and compressive sealant at inlet and exit of catalyst. KONISHI, T, et al. B01D053/86. 

□ 58. IN 99010841 . A device for sensing ammonia gas using sintered zinc oxide with ruthenium 
compound as sensor. CHAUDHARY, V A, et al. G01N027/04. 



□ 59. CA 2462231 A . Lithium cobalt compound oxide for non-aqueous electrolyte secondary cell 
used for portable electronic apparatus, is formed by reacting lithium compound and cobalt oxy 
hydroxide which liberates ammonia during heating. A WANO, H, et al. CO 1 DO 1 5/00 CO 1 DO 1 5/08 
C01G051/04 H01M004/04 H01M004/52 H01M004/58. 



□ 60. CN 1594107A . Method and a pparatus for preparing blue tungsten oxide by ammonium 
paratungstate self-reduction. CHEN, J, et al. C01G041/02. 



□ 61 . EP 1564385 A . Exhaust gas purifying apparatus for internal combustion engine comprises 
exhaust control device for switching concentration of reducing components according to residual 
amount of ammonia estimated by residual amount estimating device . MORITA, T, et al. B01D053/94 
F01N003/00 F01N003/08 F01N003/10 F01N003/20 F01N003/24 F02D041/04. 



□ 62. KR2005028949A . A pparatus and method comprising steps of ammonia stripping, 
equalization, anaerobic fermentation, aeration, returning, settling and coagulation to remove nutrients 
effectively from highly concentrated livestock wastewater. KIM, T H, et al. C02F009/14. 

|J 63. US20050171449A . Exhaled ammonia detection a pparatus includes breath capture device 
comprising sensor plate having Lewis acid dye that produces a detectable spectral, transmission or 
reflectance response in the presence of ammonia . HULKOWER, K I, et al. A61B005/08 G01N021/00 
G01N021/75. 
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D 64. JP2005 1 79254A . Normal temperature fused salt for electrolyte liquid of electrical-storage 
devices comprises fluorine-containing cyclic ammonium cation component. KASAHARA, M, et al. 
C07D211/38 H01G009/038 HO1M010/39 H01M014/00. 



□ 65. JP2005 174493 A . Optical disk a pparatus e.g. DVD player has carbon group absorbing sheets 
for absorbing ammonium sulfate, for covering disk tray and surrounding objective lens. MATSUI, T. 
Gl 1B007/12 Gl 1B025/04 Gl 1B033/12 Gl 1B033/14. 



□ 66. WO2005047395A . Conductive polymer component for transfer roller of image forming 
device, contains conductive polymer added with quaternary ammonium salt and lithium imide, as base 
material polymer. ISAYAMA, K, et al. C08K005/00 C08L101/00 G03G015/02 C08K005:43 
C08K005:19C08K005/00. 



□ 67. WO2005042466A . Quaternary ammonium salt used for electrolyte used for electrochemical 
devices such as electrical double-layer capacitors and secondary batteries. HIRANO, K, et al. 
C07C217/28 H01G009/038 H01M010/40. 



□ 68. US20050084977A . Breath testing device for detecting the presence of ammonia odors and 
helicobacter pylori urease infection, comprises a visual indicating agent, which is color sensitive to 
ammonia . BOGA, R, et al. G01N033/00 G01N033/53. 



□ 69. EP 1520972A . Emission control apparatus for internal combustion engine, includes sensor 
that is disposed in exhaust passage downstream of nitrogen oxide occluding member, and that is capable 
of detecting ammonia concentration. IRISAWA, Y, et al. F01N009/00 F02D041/02 F02D041/14. 

□ 70. EP 1520971 A . Emission control a pparatus for internal combustion engine, includes sensor for 
detecting ammonia concentration, amount-of-occluded-nitrogen oxide estimating mechanism, and 
nitrogen oxide occluding capability estimating mechanism. IRISAWA, Y, et al. F01N009/00 
F02D041/02 F02D041/14. 



□ 71 . WO2005018807A . Catalyst for decomposing high-concentration ammonia contained in waste 
gas emitted from semiconductor manufacturing apparatus, has porous silica alumina with preset specific 
surface area as support, in which metallic element is held. SHIOYA, Y, et al. B01D053/86 B01 J029/14 
B01J029/24 B01 J029/40 B01 J029/46 B01 J029/76. 



□ 72. EP 1496097 A . New quaternary ammonium compound containing metal complexes useful in 
preparation of a security ink and electroluminescence devices . IMANISHI, K, et al. C07C045/77 
C07C049/92 C07C211/01 C07C211/63 C07C211/64 C07D333/22 C09D011/00 C09D011/02 
C09K011/06 H05B033/14. 



□ 73. US20040262613A . Silicon nitride film for semiconductor device, comprises specific amount 
of rare gas element, where etching rate of silicon nitride film on buffered hydrogen fluoride, including 
hydrofluoric acid and ammonium fluoride is specific. KAKEHATA, T, et al. C23C016/34 G02F001/136 
G09F009/30 H01L021/31 1 H01L021/318 H01L029/04 H01L029/786 H05B033/00. 



□ 74. US20040226302A . Separation and neutralization apparatus for separating and neutralizing 
entrained ammonia, comprises treatment tank, closed receiving tank, circulation pipeline, associated 
controls, and pumping and monitoring mechanisms. MASTERSON, J A. C02F003/32 F25B043/02 
F25B043/04. 
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□ 75. JP2004298666A . Treatment equipment for waste water containing nitrate and ammonia. 
supplies waste water to adsorption towers, when detected characteristic value of waste water processed 
by nitrogen removal device, exceeds preset value. B01 J020/20 B01 J047/00 B01 J047/02 C02F001/28 
C02F001/42. 



□ 76. US20040 177644 A . Separation and neutralization apparatus, for separating and neutralizing 
entrained ammonia from oil stream, comprises treatment tank, closed receiving tank, circulation 
pipeline, pump, venturi, and associated controls. MASTERSON, J A. C02F003/00 F25B043/00 
F25B043/02. 



D 77. JP2004 165445 A . Semiconductor manufacturing apparatus for light emitting device 
manufacture, has heating zone between unit supplying ammonia gas and substrate, with catalyst. 
C23C016/18 C23C016/44 H01L021/205. 



□ 78. EP 1424606 A . Positively charged toner for developing electrostatic latent images in 
electrophotographic type image forming apparatus, has charge control agent containing resin having 
quaternary ammonium salt group as functional group and nigrosine dye. EMORI, H, et al. D02G003/00 
G03G009/08 G03G009/087 G03G009/09 G03G009/097. 



□ 79. JP2004 103745 A . Epitaxial growth of nitride semiconductor film for electronic devices. 
involves nitriding substrate by thermal decomposition of ammonia and hot wire, forming buffer layer 
and growing nitride semiconductor film on buffer layer. C23C016/34 C23C016/452 H01L021/205. 

□ 80. US20040060583A . Thermosetting resin eliminating apparatus for liquid crystal display, has 
dipping unit with vessel containing composition of tetra methyl ammonium hydroxide, water and 
hygroscopic resin solvent to remove thermosetting resin. RYU, K H. B08B003/00. 

□ 81 . US20040050467A . Formation of age-stabilized and strengthened composition useful in e.g. 
vehicle airbag restraint devices involves forming a primary mixture of ammonium nitrate, a 
strengthening agent and a binder. FLEMING, W C, et al. C06B045/10. 

□ 82. EP 1394611 A . Lithographic projection a pparatus for use in manufacture of integrated circuits, 
includes partial pressure controller for water, hydrocarbons, and ammonia in transport unit. SCHENAU, 
K V I. G03B027/42 G03F007/00 G03F007/20 H01L021/027 H01L021/68. 



□ 83. CN 145 8694 A . Semiconductor device, e.g. field effect transistor, includes gate insulating film 
of silicon nitride film containing hydrogen and having specified etching rate with respect to ammonium 
hydrogen fluoride and ammonium fluoride solution. AKIMOTO, K, et al. G02F001/136 H01L021/00 
H01L021/283 H01L021/31 H01L021/318 H01L021/336 H01L021/469 H01L021/84 H01L027/12 
H01L029/76 H01L029/78 H01L029/786. 



□ 84. JP2003243879A . Electromagnetic wave absorber for electronic device comprises flame 
retardant or flame retardant adjuvant such as melamine and/or its derivatives, red phosphorus, 
ammonium polyphosphate and pentaerythritol. C08K003/32 C08K005/053 C08K005/3477 C08K007/00 
C08L033/08 H01F001/00 H05K009/00 C08L033/08 C08L031:04 C08L003:02. 



□ 85. US20030126868A . Separating and neutralizing apparatus for entrained ammonia, has in-line 
pump which pumps mixture of aqueous media, acid, and released ammonia from treatment tank and 
circulates mixture through closed system of recirculation piping. BERTRAND, M R, et al. F25B043/02 
F25B043/04. 
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□ 86. JP2003177616A . Image forming device e.g. color copier, comprises image supports and 
intermediate transcript object containing solvent soluble type conductive polymer having ions such as 
(pyro)sulfite ion and/or quaternary ammonium ion. F16C013/00 G03G005/147 G03G015/16 
G03G021/00. 



□ 87. US20030119939A . Ink composition used for ink jet printing apparatus, includes water, 
anionic dye, polyquaternary amine compound, and quaternary ammonium substituted ultraviolet 
absorbing compound. MCGRANE, K M, et al. C03C017/00 C08K005/3472 C08L01 1/10 C08L039/00 
C09D005/00. 



□ 88. WO2003041565A . Detecting Helicobacter pylori infection in a subjects expiration, by 
exposing an ammonia sensitive sensor to expiration and measuring basal ammonia level with the device . 
HUBBARD, T W, et al. A61B000/00 A61B005/08 G01N031/00 G01N033/497. 

□ 89. US 6544908B . Passivating interface in semiconductor device, involves disassociating 
ammonia to expose adjacent structure at interface with hydrogen species and forming ericapsulant layer. 
GONZALEZ, F, et al. H01L021/26 H01L021/31. 



□ 90. DE 10205838C . Analysis apparatus for determining concentration of nitrite, nitrate, 
ammonia, ammonium ions and phosphate in fish-rearing tanks or clarification basins has single test tube 
automatically filled with sample and reactants. KUFNER, J, et al. G01N021/1 1 G01N021/25 
G01N021/78. 



□ 91. KR2003021951A . Control device of high pressure ammonia water valve having 
transformation preventing fiinction. AHN, H Y, et al. C10B043/08. 



□ 92. US 6486050B . Ohmic contact formation between metal and p-type nitride layers, for 
semiconductor devices, involves dipping layer in ammonium sulfide, drying cleaned samples, 
evaporating metal on layer and subjecting to alloy treatment. LEE, C. H01L021/00 H01L021/28 
H01L021/308 H01L021/3205 H01L033/00 H01S005/042 H01S005/323. 



□ 93. US 6467875B . Water-based ink set for ink-jet recording apparatus, includes black ink 
containing black dye, barium hydroxide and purified water, and yellow ink containing yellow dye, 
ammonium chloride and purified water. AOYAMA, M, et al. B41 J002/01 B41 J002/19 B41J002/21 
B41M005/00 C09D011/00 G01D011/00. 



□ 94. US20020121321A . Gas-generating composition, for apparatus used to expand air bag of 
vehicle, contains ammonium nitrate, metal oxyacid salt, ammonium perchlorate and combustion 
component. SERIZAWA, K, et al. B01 J007/00 B60R021/26 B60R022/46 C06B025/00 C06B029/22 
C06B031/02 C06B031/04 C06B031/28 C06B031/30 C06B031/32 C06D005/00. 



□ 95. US20020096236A . Preparation of azide-free gas generant composition, for pyrotechnic 
devices e.g. airbag inflators, comprises grinding nitroguanidine into amorphous crumb and then mixing 
with phase stabilized ammonium nitrate. ADAMS, J H, et al. C06B021/00 C06B031/32 C06D005/00 
C06D005/06 D03D023/00 D03D043/00. 



□ 96. US 6406669B . Optical ammonia gas sensing a pparatus, useful for quantitatively determining 
amount of ammonia in fluid, comprises transparent polyaniline film, spectrometer, optical fiber, charge 
coupled device detector, and computer. DUAN, Y, et al. G01N021/77. 
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□ 97. EP 1213331 A , Recording liquid for inkjet recording apparatus, comprises coloring agent, 
water, polyol having preset water solubility at specific temperature, and amine oxide and/or quaternary 
ammonium compound. ARITA, H, et al. B41J002/01 B41M005/00 C09D01 1/00 G01D01 1/00. 

□ 98. EP 1213460A . Emission control a pparatus for internal combustion engine, has electronic 
controller to determine surplus amount of reducing agent which is not used to reduce nitrogen oxide 
based on measured ammonia concentration. IRISAWA, Y, et al. B01D053/34 B01D053/56 B01D053/81 
B01D053/94 F01N003/00 F01N003/08 F01N003/10 F01N003/18 F01N003/20 F01N003/24 
F01N003/28 F02D041/02 F02D041/04 F02D041/14 F02D045/00. 



□ 99. JP2002097901A . Steam turbine device using vapor of water and ammonia mixture, has 
nozzles with parallel portion of specified length at minimum cross section location in middle of nozzle 
passage. F01D009/02 F01K025/10. 

D 100. EP 1191005A . Gas-generating composition for air bag system of vehicle passenger- 
protecting a pparatus, contains ammonium nitrate, organic binder and stabilizer consisting of preset 
nitrogen-containing compound. SERIZAWA, K, et al. B01 J007/00 B60R021/20 B60R021/26 
B60R022/46 C06B023/00 C06B031/28 C06B031/30 C06B045/10 C06D005/00 C06D005/06. 
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D 1. 20060003336 . 30 Jun 04. 05 Jan 06. One-step enzymatic and amine detection technique. Song; 
Xuedong, et al. 435/6; 435/23 435/7.92 G01N33/53 20060101 G01N33/573 20060101 C12Q1/68 
20060101 



□ 2. 20050191704 . 01 Mar 04. 01 Sep 05. Assay devices utilizing chemichromic dyes. Boga, 
RameshBabu, et al. 435/7.1; 435/34 G01N033/53 C12Q001/04 G01N033/543. 



□ 3. 20050124072 . 08 Oct 04. 09 Jun 05. Personal care products with visual indicator of vaginitis. 
Boga, RameshBabu, et al. 436/1 1 1 ; G01N033/00. 



□ 4. 20050112085 . 16 Oct 03. 26 May 05. Odor controlling article including a visual indicating 
device for monitoring odor absorption. MacDonald, John Gavin, et al. 424/76.1; A61L009/01. 



□ 5. 20050085739 . 16 Oct 03. 21 Apr 05. Visual indicating device for bad breath. MacDonald, John 
Gavin, et al. 600/530; A61B005/08. 



D 6. 20050084977 . 16 Oct 03. 21 Apr 05. Method and device for detecting ammonia odors and 
helicobacter pylori urease infection. Boga, RameshBabu, et al. 436/1 13; G01N033/53 G01N033/00. 



□ 7. 20040220298 . 12 Mar 04. 04 Nov 04. Ink jet ink composition and method for security marking. 
Kozee, Michael, et al. 523/160; 106/31.32 106/31.58 106/31.64 106/31.86 252/301.16 252/301.35 
523/161 C09K01 1/06 C09K01 1/02 C09D01 1/00 C03C017/00 C09D005/00. 



□ 8. 20030211618 . 04 Nov 02. 13 Nov 03. Color changing steam sterilization indicator. Patel, 
Gordhandhai Nathalal. 436/38; 422/56 G01N031/22. 



□ 9. 20030203495 . 24 Apr 03. 30 Oct 03. Diagnostic test for elemental imbalances. Rupp, Michael 
R. 436/74; 422/56 G01N03 1/22 G01N033/20. 



□ 10. 20030129611 . 25 Jun 02. 10 Jul 03. Dual resonance energy transfer nucleic acid probes. Bao, 
Gang, et al. 435/6; 536/24.3 C12Q001/68 C07H021/04. 



□ 11. 20030035917 . 14 Jun 02. 20 Feb 03 . Image making medium. Hyman, Sydney. 428/67; 1 56/58 
428/141 428/690 524/106 B44C001/26 C08L001/00 CO8J003/00 B44C003/12 D06N007/04 
B32B019/00 B44C001/00 B32B009/00 B32B001/00 B44C001/28 C08K005/34. 



□ 12. 6821786 . 24 Apr 03; 23 Nov 04. Diagnostic test for elemental imbalances. Rupp; Michael E.. 
436/73; 422/56 422/61 436/169 436/74 436/79 436/80 436/81 436/82 436/83 436/84. G01N033/20 . 



□ 13. 6555663 . 08 Dec 00; 29 Apr 03. Prodrugs for selective drug delivery. Mills; Randell Lee. 
534/573; 435/4 544/232. C07C245/00 . 



□ 14. 5773592 . 30 May 95; 30 Jun 98. Pro drugs for selective drug delivery. Mills; Randell Lee. 
534/573; 435/5 435/6 544/232. C07C245/00 A01N033/26 C12Q001/70 . 



□ 15. 5646098 . 13 May 94; 08 Jul 97. Carbonyl containing compounds and their derivatives as 
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multi-functional fuel and lube additives. Brois; Stanley J.. 508/189; 508/190 508/198 508/221 508/222 
508/452 508/575 525/374 525/375 525/383 525/385 526/213 526/269 528/222 544/221 546/13 546/155. 
C10M159/12 C10M129/86 C10M139/00 . 



□ 16. 5428163 . 04 Dec 89; 27 Jun 95. Prodrugs for selective drug delivery. Mills; Randell L.. 
544/232;. C07D403/02 A61K03 1/495 . 



□ 17. 4528136 . 14 Apr 83; 09 Jul 85. Process for preparing 2-[bis(aryl)methyl]benzoic acids. 
Schmidt; Paul J., et al. 552/106;. C09B01 1/10 . 



□ 18. 4399291 . 09 Dec 81; 16 Aug 83. Process for the production of substituted aminophthalides. 
Schmidt; Paul J., et al. 549/308; 549/309 562/44 1 . C07D307/88 . 



□ 1 9. 4299727 . 07 Jan 80; 1 0 Nov 8 1 . Disposable reversible thermometer. Hof; Craig R., et al. 
252/408.1; 116/207 116/217 374/162. C09K003/00 G01K011/06 G01K011/08 G01K011/12 
G01K011/16. 
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□ 1 . 20050084977 . 1 6 Oct 03 . 2 1 Apr 05 . Method and device for detecting ammonia odors and 
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TITLE: Method and device for detecting ammonia odors and helicobacter pylori urease 
infection 

PUBLICATION-DATE: April 21, 2005 



INVENTOR- INFORMATION : 
NAME 

Boga, RameshBabu 
MacDonald, John Gavin 
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Roswell 

Decatur 
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GA 
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US 

US 
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REPRESENTATIVE -FIGURES: NONE 



ABSTRACT : 



The invention provides a breath testing device which visually indicates the 
presence of ammonia in a patient's breath, in particular ammonia from helicobacter 
pylori urease infection. The breath testing device comprises a visual indicating 
agent which changes color in response to ammonia odors, such as 4,4 '-bis 
(dimethylamino) -benzhydrol (Michler's hydrol or BDMB) , pararosaniline base and 
alpha-naphtholbenzein. The indicating agent is applied to a substrate which is then 
inserted into a tube or straw, which can be attached to the inlet of a breath 
collection balloon. When the patient blows into the tube or straw, the indicating 
agent will change color if it detects levels of ammonia which are consistent with 
helicobacter pylori urease infection. 
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Photoreduction of benzophenones by amines in room-temperature ionic liquids. 

Reynolds JL, Erdner KR . Jones PB . 

Department of Chemistry, Wake Forest University, 1 15-A Salem Hall, Winston-Salem, North 
Carolina 27109, USA. 

[reaction: see text] The amine-mediated photoreduction of benzophenones in room temperature 
ionic liquids was investigated. Unlike the analogous reaction in organic solventspthe 
photoreduction produces mainly-the eorresponding-benzhydrol in most cases. Because the reaction 
consumes only 1 equiv of amine and the solvent can be easily recycled, the photoreduction allows 
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File: USPT 



Dec 31, 1985 



DOCUMENT -IDENTIFIER: US 4562449 A 
TITLE: Chromogenic dihydroquinazolines 



Detailed Description Text (4) : 

A mixture of 1 mmole of 4 , 4 ■ -bis (dimethyl amino) benzophenone ( Michler ' s ketone) and 
1 mmole of (2-benzothiazolyl) -3-diethylaminophenylamine in 10 ml of phosporoxy 
trichloride is heated to reflux for 11/2 to 2 hours. The reaction mixture is poured 
on ice, washed with a small amount of methanol, made alkaline with concentrated 
ammonia and stirred for 1 hour at room temperature. The precipitate is isolated by 
filtration and taken up in dichloromethane or toluene. The solution is dried over 
anhydrous sodium sulfate and chromatographed over 70 g of silica gel with a 10:1 to 
5:1 mixture of toluene/ethyl acetate. The main fraction is recrystallised from 
methanol, affording 320 mg (58% of theory) of a compound of the formula: ##STR25## 
in the form of white crystals which melt at 141 . degree . -142 . degree . C. This colour 
former develops an intense blue colour on acid clay. 
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PROCESS FOR PREPARING AURAMINE 
USING UREA 
Robert G. Weyker, North Plamfield, and Robert M. Yar- 
rington and Samuel M. Gerber, Bound Brook, NJL, 
assignors to American Cyanamid Company, New York, 
N.Y., a corporation of Maine ' 
No Drawing. Filed Apr. 4, 1961, Ser. No. 100,504 
7 Claims. (CL 260-566) 

This invention relates to an improved process for the 
preparation of amamine and: its analogs. More speci- 
fically it provides for an increase in yield by the intro-. 
duction of a novel constituent, a urea, into the reaction 
mixture. 

; Auramine and its analogs are among the best known 
dyes. .They have been manufactured and sold in large 
quantities for many years. Its synthesis has become; so 
well known as to be almost conventional, As a conse- 
quence, even a . relatively small increase in yield is eco- 
nomically important 

• - ■ The procedure which is conventionally employed in its 
manufacture may be illustratively represented as follows: 

11 ^ V . V E 



... the salt ordinarily: used in the reaction may .be . replaced 
either by urea or one of the syrnmetrical N,N'-di (lower 
alkyl) ureas discussed above. Of course, the use of com- 
mon salt may be entirely eliminated by replacing it with 
6 an equal or less than equal weight of urea, in which case 
the reaction is conducted, in the .presence -of from about 
seven to about ten parts of urea by weight of the methane 
•. ; base. ' 

Yields which are obtained by the use of the process . of 
10 this invention range, from, about 12% .to about 20% 
greater than those obtained from the prior, art process. 
. Thus, in an efficient laboratory operation, the prior art 
process results in yields of about! 61% based on the 
methane base. Using similar conditions, in the process 
15 of this invention using a urea, this yield" may be.mcreased . 
to up to about 75%. 

Use of a urea in accordance with the process of the 
present invention should not be confused with the older 
.. practice of reacting tetnuiiemyldiammobehzophenone 
2d with urea, in the presence of a condensation catalyst to 
form auramine, as in German Patent 31,936. As there 
disclosed, auramine is prepared by reacting tetramethyldi : 
aminobenzophenone with urea at 160° to 180° C, in the 
presence of zinc chloride.. Urea is the main reactant, sup-. 
26 plying the — NH radical in . the final auramine product 
- Auramine also is known to result from reacting. Michler's 
ketone with urea, and zinc chloride used in place of am- 
: monium chloride. In that case, the' mixture of urea and 
, zinc chloride on heating, yields ammonium chloride, the 

--nth 30 reactant of the above-noted conventional operation. 

. The present invention is further illustrated by the fol- 
lowing illustrative examples. Therein parts and percent-, 
ages are based on jparts by weight;. 

Example 1 . 

35 ■ 

To a jacketed, cylindrical kettle equipped with a close- 
fitting agitator is charged 1 part of tetramethyldianunodi- 
phenylmethane, 0.33 part of sulfur, 0.80 part of ammo- 
w nium chloride, and 8.5 parts of urea-salt rnixture contain- 

wherein, each of the "R" radicals is hydrogen or lower 40 ipg 20% urea. Anhydrous ^^f^^^^ 
alkyl. Inauiarnine (CI. 41,000) which will be used here- the charge which is maintained at.170 C. ^6hours, 
into genericaUy represent. the class, R is methyl. In. this the reaction product is drowned in water and the product 
tr^!^^^^ (^ along with sulftir, ammo- dye isolated by extraction with water. A«™ » °£ 
Su^moridT aTcc^on salt are he^ in a reactor ; tained in a yield of 85% of theory based on the weight 
to temperatures of about 170M80 0 C Salt, which is 45 of the methane base starting material, 
present as a diluent, is used in large amounts. A thioke- Example 2 

tone intermediate (II) is formed but tolateo\ An^y- the yield by ihe addition 

orous ammonia gas is simultaneously ^odupe^the *^££^J^ the procedure of Example 
heated reaction mixture whereupon the .^«f » fwTfoUowed identically except mat no urea was added 
formed^ 




salting' out from aqueous solution to give the desired 
auramine dyestuff.' ".. 
The present invention is based on the discovery that 
', increased yields are obtained by carrying out the prepara- 
tion of these auramine dyesturls in the presence of urea. 55 
It is conveniently added to or. substituted for at least a 
part of the salt customarily employed. The term, "urea" 
is used to designate the suitable urea compounds which 
include urea itself and symmetrical di- (lower alkyl) 
ureas, e.g., N,N'-dimettiyl urea, N,N'-diethyl urea, N,N'- 60 
dipropyl urea, N,N'-dibutyl urea, N,N'-diamyl urea, and 
N,N'-dihexyl urea, . In view of its low. cost and availabil- 
ity, urea itself, is perhaps preferable for the purposes of 
this invention. ' " e u 

In the conventional process, from 7 to 10 parts of salt fl5 
mi part of the methane base ordinarily are used. Inthe 
process of this invention, all or a part of the salt is re- 
irea compound. . As a minimum, at least 



to the reaction mixture, the urea being replaced by an 
equal weight of salt. The yield of 85% fell to only 61%. 
Example 3 ; 

The procedure of Example 1 was followed identically, 
except for the substitution of 8.5 parts of an N,N'-di- 
methyl urea salt mixture containing 14% of the urea. 
The yield of amamine was about 80%. 

V Example 4 



CHj-NH 




^ placed, by a urea — - - . 

about 0.7 part of the urea per part by weight of the meth- 
ane base should be used. The urea' used may replace 
about an equal or : greater weight , of the salt ordinarily 
used. Thus, it may be stated that at least about 10% of 



70 



Hie procedure of Example 1 Is followed except that bis- 
(4-memylammo-3-memylphenyl)methane is substituted 
for the methane base (tetramethyl-dianunodiphenylmeth- 
ane) . The yield is similar to that of Example 1. \ 
Example 5 

The procedure of Example 1 is followed except that BS 
parts of urea are used in place of the urea-salt mixture;. 



s 



I 

i 
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The yield of amamihe is correspondingly high. 

Example 6 

Tb& procedure of Example 1 is followed except that the 
8.5 parts of urea-salt mixture contains 90% urea. The 
yield of auramine is correspondingly high. 

Example. 7 

The procedure of Example 1 is followed except that 
. N,N*Iunethyl - N'-N' - diemyldiammodiphenylmethane is 
substituted for the methane base (tetramemyldiaminodi- 
phenylmethane). A good yield of the corresponding 
andog of amamine. is obtained. • 
. ; No product was obtained when urea. was omitted. 



Example. 8 




CiH 8 



CiH, 



-HCl 



The procedure of Example :1 is followed except that 
tetraetoyldiarninodiphenylrn^ is substituted for the 
tetramethyldiaminodiphenylmethane and the proportion 
of the reactants are as follows: 1 part tetrae thy ldiaminodi- 
phenylmethane, 0.26 part sulfur, 0.35 part NHUCl.and 6.7 
parts of a urea-salt mixture containing 20% urea. The 
. yield of the corresponding ethyl analog of auramine' is 
over about 70%. ,. . ; 

This synthesis cannot be accomplished using the con- 
ventional 100% salt reaction medium . since an unwork- 
able tarry mass results. In the same manner, other tetra- 
lower alkyl analogs of auraniine can. be prepared in ac- 
cordance ; with this invention as shown in this example 
. using a reaction medium containing a urea'compound. 

We claim: : . 

1. In the process for the preparation of a compound 
of the formula: 



26. 



30 



35 




40 



45 



=NH MCI 



reaction, medium, of a p,p'-<uarmnodiphenylrnethane of 
the formula 



10 



15 




20 



wherein R is as above defined, with sulfur and ammonium 
chloride and the after-treatment of the resulting reaction 
product with ammonia, the r improvement wherein said rer 
action medium is a mixture of NaCl and at least 10% by 
weight of a member selected from the group consisting of 
urea, and a symmetrical- N^N'-di-lower alkyl-urea. . 

2. The process of claim i in which the member is 
present in an amount of at least 0.7 part by weight of the. 
aminodiphenylmethane starting material;. 

3. The process, of claim 1 wherein a urea compound 
constitutes 20% of the reaction, medium/. 

4. The process of claim 1 wherein the urea compound 
'is- urea.; 

5. The process of claim 4 wherein the starting material 
is the compound of the formulae 

6. , The process of claim 4 wherein the starting material 
is the. compound of the formula: 



X \ 

■ wherein R is mdividually selected from the group, con- 
sisting of hydrogen and lower alkyl, by the reaction at 
an elevated temperature up to about 180° C. in an inert < 



55 



CH| 



OH»-NH- 




•NHOHi 



7. The process of claim 4 wherein the starting material 
is a compound of the formula. •■ 



50 



CiH, 



C,H| 



: References Cited in the file of this patent 
Maisuo et al: OA., vol. 47, page 4915 (1953), 
Endo et al.: C.A., voj. 52, page 13798 (1958). 
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3 @ 1 3 2 9 1 7 8 Uni'ted States Patent Office 3' 132,178 PROCESS FOR PREPARING AURAM[NE 
USING UREA Robert G. Weyker, North Plainfield, and Robert M. Yar- rington and Samuel M. Gerber, 
Bound Brook, N.J., 5 assignors to American Cyanamid Company, New York, N.Y., a corporation of 
Maine NoDrawing. FiledApr.4,1 96 l,Ser.No. 100,504 7 Claims. (CI. 260-566) This invention relates to 
an improved proress for the 1 0 preparation of auramine ind its analogs. More sped- fically it provides 
for an increase in yield by the intro- dtiction of a novel constituent, a urea, into the reactioii mixture. 
Auramine and its analogs are among the best known 1,5 dyes. They have been manufactured and sold in 
large quantities for many years. Its synthesis has become so well known as to be almost conventional. 
As a conse- Iquerice, even a relatively small increase in yield is eco- nomi.cally important. 20 The 
pr6cedure which is conventionally employed in its manufacture may be illustratively represented as 
follows: R R R R R R \N1 \N1 \N1 25 R R R s NH4CI,Na01 (1) Nlr3 1 70'@1 80 f 0. (2) acid R R 35 \p R R 
R R R (I) (II) (III) wherein.each of the "R!' radicals is hydrogen or lower 40 alkyl. In auramine (C.I. 
41,000) which will be used here-in to genetically represent, the class, R is methyl. In this process, the 
methane base (I), along with sulfur, ammonium chloride and common salt are heated in a reactor to 
temperatures of about 170'-180' C, Salt, which 's 4,5 present as a diluent, is used in large amounts. A 
thioketone intermediate (1 1) is f -ormed but not isolated. Anhydrous ammoma gas is simultaneously 
introduced into the heated reaction mixture whereupon the ketonin-iine is formed and later isolated as a 
salt, e.g., hydrochloride®, by 5( salting out from aqueous solution to give the desired auramine 
dyestuff . The present invention is based on the discovery that increased yields are obtained by carrying 
out the prepara- tion of these aurainine dyestuffs in the presence of urea, gr, It is conveniently added to 
or substituted for at least a part of the salt customarily employed. The term M urea@' is used to designate 
the suitable urea compounds which include urea itself and symmetrical di- (lower alkyl) ureas, e@g., 
N,N'-dimethyl urea, N,N'-diethyl urea, N,N'- 60 dipropyl urea, N,N'-dibutyl urea, N,N'-diamyl urea, and 
N,N'-dihexyl urea@ In view of its low cost and availabil- ity, urea itself, is perhaps preferable for the 
purposes of this invention. In the conventional process, from 7 to 10 parts of salt 65 per part of the 
methane base ordinarily are used. In the process of this invention, all or a part of the salt is re- placed by 
a urea compound® As a minimum, at least about 0.7 part of the urea per part by weight of the meth- ane 
base should be used. The urea used may replace about an equal or greater weight of the salt ordinarily ' o 
used. Thus, it may be stated that at least about 1 0% of P a t e n t e d M a y 5 , 1 9 6 4 2 the salt ordinarily 
used in the reaction may be replaced either by urea or one of the symmetrical N,N'-di (lower allcyl) 
ureas discussed above. Of course, the use of com'moii salt may be entirely eliminated by replacing it 
with an equal or less than equal weight of urea, in which case the reaction is conducted in th6 presence 
of from about seven to about ten parts of urea by weight of the methane base. Yields which are obtained 
by the use of the process of this - mvehtion range from about 12% to about 20% greater than those 
obtained from the prior art process. Thus, in an efficient laboratory operation, the pnor art process 
results in yields of about 61% based on the methane base. Using similar conditions, in the process of this 
in.vention using a urea, this yield inay be increased to up to ab6ut 75%. Use of a urea in accordance with 
the process of the present invention should not be confused with the older practice of reacting 
tetramethyldiaminobenzophenone with urea, in the presence of a condensation catalyst to for . , as in 
German Patent 31,936. As the m auramine re disclosed, auramine is prepared by reacting 
tetramethyldiaminobenzophenone with urea at 160* to 180' C, in the presence of zinc chloride. Urea is 
the main reactant, supplying the -NH radical in the final auraniine product. Auramine also is known to 
result from reactin g Michler's ketone with urea, and zinc chloride used in place of ammonium chloride. 
In that case, the mixture of urea and zinc chloride on heating, yields ammonium chloride, the The 
present invention is further iflustrated by the following illustrative examples. Therein parts and percent-, 
ages are based on parts by weight. Example 1 To a jacketed, cylindrical kettle equipped with a 



http://westbrs:9000ftin/gate.exe?f^TOC^ 3/14/06 



Record Display Form 



Page 2 of 2 



"closefitting agitator is charged I part of tetramethyldiaminodiphenylmethane, 0.33 part of sulfur, 0.80 
part of ammonium chloride, and 8.5 parts of urea-salt mixture containing 20% urea. Anhydrous 
ammonia gas is blown through the charge whiuh is maintained at 170 f C. After 6 hours, the reaction 
product is drowned iii water and the product dye isolated by extraction with water. Auramine is obtained 
in a yield of 85% of theory, based on the weight of the methane base starting material. E x a m p 1 e 2 
H2 NH IIX 30 reactant of the above- noted conventional operation. To show the desirable effect on the 
yield by the addition of urea to the reaction mixture, the procedure of Example 1 was followed 
identically except that no urea was added to the reaction mixture, the urea being replaced by an 
equalweightofsalt. TheyieldofB5%felltoonly61%. Example 3 The procedure of Example I was followed 
identically, except for the substitution of 8.5 parts of an N,N'-dimethyl urea salt mixture containing 14% 
of the urea. The yield of auramine was about 80%. Example 4 -<:?- NH-CH3 NH CHS CB@ HC1 The 
procedure of Example 1 is followed except that bis.! (4- methylamino-3-methylphenyl)methane is 
substituted for the methane base (tetramethyl-diaminodiphenylmethane). The yield is similar to that of 
Example 1. Example 5 The procedure of Example 1 is followed except that 8.5 parts of urea are used in 
place of the urea-salt mixture 
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Abstract Paragraph : 

The invention provides a breath testing device which visually indicates the presence of ammonia in a 
patient's breath, in particular ammonia from helicobacter pylori urease infection. The breath testing 
device comprises a visual indicating agent which changes color in response to ammonia odors, such as 
4,4 , -bis(dimethylamino)rbenzhydrol (Michler's hydrol or BDMB), pararosaniline base and alpha- 
naphtholbenzein. The indicating agent is applied to a substrate which is then inserted into a tube or 
straw, which can be attached to the inlet of a breath collection balloon. When the patient blows into the 
tube or straw, the indicating agent will change color if it detects levels of ammonia which are consistent 
with helicobacter pylori urease infection. 

Summary of Invention Paragraph : 
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Fulltext Word Count: 15066 

Description of the Invention: 

...vapor based on the array pattern. The C320 has been successfully 
tested as a point detector for TICs (e.g., hydrazine, ammonia , 
formaldehyde, ethylene oxide, insecticides) as well as CWAs (e.g., GA, 
GB, HN-3, VX...and are excellent ink jetting candidates. Other useful 
ink- jetting materials include surface modified gold nanoparticle 
formulations and nanotube formulations . . . 
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...SPECIFICATION OF THE INVENTION 

The present invention relates to a device according to claim 1, a kit 
according to claim 41 and a method according to claim 71 for detecting 
the presence . . . 

. . .a further alternative embodiment of the sensor plate device; 

FIG. 5 is an illustration of kit having a needle assembly for 
venipuncture and a vacuum sensor plate; 
FIG. 6 is an. . . 



...CLAIMS wherein said container is at a pressure of from 0 to 12 psi. 

41. A kit of collecting a blood sample from a patient and detecting the 
presence of microorganisms in. . . 

. . .provided as a wicking agent to draw liquid sample through the upper 
layer. 

42. The kit of claim 41, wherein said container further comprises an 
adhesive layer between at least one... 

...and the sensor layer, and b) the sensor layer and the container wall. 

43. The kit of claim 41, wherein the sensor layer is opaque. 

44. The kit of claim 41, wherein said immobilization layer comprises a 
gelling agent. 

45. The kit of claim 44, wherein said gelling agent is at least one of 
a solid gel, a semi-solid gel, of a powdered gel. 

46. The kit of claim 41, wherein said immobilization layer further 
comprises growth components for facilitating growth of 
microorganisms . 

47. The kit of claim 41, wherein said container is a sealed container 
having a headspace above the immobilization layer. 

48. The kit of claim 47, further comprising a gas permeable membrane in 
a wall of said container. 

49. The kit of claim 48, further comprising a removable gas impermeable 
seal positioned proximate to said gas permeable membrane. 

50. The kit of claim 41, wherein said wall of said container is 
transparent of translucent. 

51. The kit of claim 41, wherein said sensor layer is capable of 
undergoing a localized change in the ultraviolet, visible, and/or 



infrared spectrum. 

52. The kit of claim 51, wherein said localized change is detectable 
through said wall of said container. 

53. The kit of claim 41, wherein the sensor layer undergoes a 
detectable change in response to changes . . . 

. . .oxygen, hydrogen, hydrogen sulfide, carbon dioxide, ammonia, organic 
acid, nitrogen dioxide and pH. 

54. The kit of claim 53, wherein said detectable change is detectable 
in the infrared, ultraviolet or visible spectrums. 

55. The kit of claim 5, wherein said sensor layer comprises an 
indicator having a change detectable by imaging, fluorescence or 
reflectance technology. 

56. The kit of claim 55, wherein the sensor layer exhibits a change in 
fluorescence intensity or visible color over a pH range of about 5.0 
to 11.0. 

57. The kit of claim 41, wherein said immobilization layer comprises an 
immobilized sample with microorganisms therein. 

58. The kit of claim 41, wherein said immobilization layer comprises a 
single gelling agent or a plurality of gelling agents. 

59. The kit of claim 58, wherein said gelling agents comprises one or 
more agents selected from gums... 

...celluloses, cellulose derivatives, polyethylene glycoles, polyethylene 
oxides, polyvinyl alcohols, dextrans, polyacrylamides and 
polysaccharides . 

60. The kit of claim 58, wherein a first gelling agent is provided in 
an upper layer of . . . 

...second gelling agent is provided in a lower layer of said immobilization 
layer. 

61. The kit of claim 41, further comprising conditioning components 
proximate to or within said immobilization layer for improving 
microorganism detection capabilities. 

62. The kit of claim 61, wherein said conditioning components comprise 
at least one of lytic agents, lytic enzymes, surfactants and 
components to neutralize growth inhibitors. 

63. The kit of claim 41, wherein said sensor layer comprises silicone. 

64. The kit of claim 41, wherein the sensor layer is constructed so as 
to undergo detectable localized changes which correspond to the 
presence of microorganism colonies in the immobilization layer. 

65. The kit of claim 64, wherein the sensor layer is an opaque layer 
which changes from one color to a second color while remaining opaque 
in the presence of microorganisms. 

66. The kit of claim 64, wherein at least one of the immobilization 
layer and the sensor layer are opaque. 

67. The kit of claim 64, wherein at least one layer in the device has 
matrixes that adversely affect visualization of microorganism 
colonies . 

68. The kit of claim 67, wherein said at least one layer includes said 
sensor layer. 

69. The kit of claim 64, wherein the sensor layer sufficiently blocks 
the viewing of the test sample from the side of the sensor opposite 
from the immobilization layer. 

70. The kit of claim 64, wherein the sensor layer blocks the viewing 
with the eye or detecting. . . 



.blood sample from a patient and for detecting microorganisms in said 

blood sample with the kit of claim 41, comprising: 
a) inserting a needle into a patient for withdrawing a blood... 



. CLAIMS wenigstens einen Indikator, ausgewahlt aus Fluorescein, Cujna^iix. 
, 'Phenolphthalein, Thymolphthalein, Bromthymolblau, Thymolblau/ . > 
Xylenolblau, o-Kresolphthalein und ( alpha ) - Naphtholbenzei/n , \j\A 
umfasst. V ^idLl^ 

26. Sensorvorrichtung nach Anspruch 2, wobei die Sensorschicht eins^ J 
Veranderung in Reaktion auf eine. . . 

.Anspruch 1, wobei der Behalter unter einem Druck von 0 bis 12 psi steht. 

41. Kit zum Sammeln einer Blutprobe von einem Patienten und zum 
Detektieren der Anwesenheit von Mikroorganismen in. . . 

.Saugwirkung vorgesehen ist, um eine flussige Probe durch die obere Lage 
zu ziehen, umfasst. 

42. Kit nach Anspruch 41, wobei der Behalter ferner eine klebende 
Schicht zwischen wenigstens einem von a) der Immobilisierungsschicht 
und der Sensorschicht und b) der Sensorschicht und der Behalterwand 
umfasst . 

43. Kit nach Anspruch 41, wobei die Sensorschicht lichtundurchlassig 
ist . 

44. Kit nach Anspruch 41, wobei die Immobilisierungsschicht einen 
Gelbildner umfasst. 

45. Kit nach Anspruch 44, wobei der Gelbildner wenigstens eines von 
einem festen Gel, einem halbfesten Gel, von einem pulverf ormigen Gel 
ist . 

46. Kit nach Anspruch 41, wobei die Immobilisierungsschicht ferner 
Kultivierungskomponenten zur Vereinf achung der Vermehrung von 
Mikroorganismen umfasst. 

47. Kit nach Anspruch 41, wobei der Behalter ein versiegelter Behalter 
mit einem Kopfraum oberhalb der Immobilisierungsschicht ist. 

48. Kit nach Anspruch 47, welcher ferner eine fur Gase durchlassige 
Membran in einer Wand des Behalters umfasst. 

49. Kit nach Anspruch 48, welcher ferner einen entf ernbaren, fur Gase 
undurchlassigen Verschluss, welcher sich benachbart zu der fur Gase 
durchlassigen Membran befindet, umfasst. 

50. Kit nach Anspruch 41, wobei die Wand des Behalters lichtdurchlassig 
oder transluzent ist. 

51. Kit nach Anspruch 41, wobei die Sensorschicht in der Lage ist, eine 
lokalisierte Veranderung im ultravioletten, sichtbaren und/oder 
infraroten Spektrum zu durchlaufen. 

52. Kit nach Anspruch 51, wobei die lokalisierte Veranderung durch die 
Wand des Behalters hindurch detektierbar ist. 

53. Kit nach Anspruch 41, wobei die Sensorschicht eine detektierbare 
Veranderung in Reaktion auf Veranderungen bei einem oder mehreren von 
Sauerstoff, Wasserstoff, Schwef elwasserstof f , Kohlendioxid, Ammoniak, 
organischer Saure, Stickstof f dioxid und pH durchlauft. 

54. Kit nach Anspruch 53, wobei die detektierbare Veranderung in den 
infraroten, ultravioletten oder sichtbaren Spektren detektierbar ist. 

55. Kit nach Anspruch 5, wobei die Sensorschicht einen Indikator 
umfasst, welcher eine Veranderung zeigt, welche durch Bildgebungs- , 
Fluoreszenz- oder Remissionstechniken detektierbar ist. 

56. Kit nach Anspruch 55, wobei die Sensorschicht eine Veranderung der 
Fluoreszenzintensitat oder sichtbaren Farbe uber einen pH-Bereich von 
ungefahr 5,0 bis 11,0 zeigt. 

57. Kit nach Anspruch 41, wobei die Immobilisierungsschicht eine 
immobilisierte Probe mit Mikroorganismen darin umfasst. 

58. Kit nach Anspruch 41, wobei die Immobilisierungsschicht einen 
einzelnen Gelbildner oder eine Mehrzahl von Gelbildnern umfasst. 

59. Kit nach Anspruch 58, wobei die Gelbildner ein oder mehrere Mittel, 
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Description of the Invention: 

...of superior chemical sensing performance properties relative to most 
previously available systems. Sensing materials include nanoparticle 
composite sensors such as polymer composite sensors, sensors based on 
nanotubes, and sol-gel based. surf ace-modified colloidal metal particle 
sensors other than carbon black. These include surf ace -modified gold 
nanoparticles as chemical sensors similar to the surface-modified carbon 
blacks described above. Use of these... 

...a monolayer on the metal surface. In the present invention, both 

traditional polymer modified gold nanoparticles and biopolymer modified 
gold nanoparticles may be used as resistance based chemical and 
biological sensors. The resistive read out provides... 

...vapor based on the array pattern. The C320 has been successfully tested 
as a point detector for TICs (e.g., hydrazine, ammonia , formaldehyde, 
ethylene oxide, insecticides) as well as CWAs (e.g., GA, GB, HN-3, VX. . . 
formulations, such as formulations of surface-modified carbon black 
sensors, intrinsically conducting sensors, surface-modified nanoparticle 

metal sensors, and nanotube based sensors for ink jetting. Once a 
formulation exists, physical deposition... 

...ink jetting candidates. Other useful ink-jetting materials and jettable 
formulations include surface modified gold nanoparticle formulations 
and nanotube formulations. Such formulations preferably have solid to 
solvent ratios in the range... 
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Abstract : 

...1), a sensor medium (3) formed on the substrate, the sensor medium 
comprising one -dimensional nanoparticles , wherein the one -dimensional 
nanoparticles essentially consist of a semiconducting A [sub] xB [sub] y 
compound, e.g. V [sub . . . 

Summary of the Invention: 

...the humidity from 0 to 50% relative humidity. Sadaoka, Y. ; Sakai, 
Y.; Murata, Y. U. ; Sensors and Actuators 1993, B 13-14, 420-423 report 
a similar behavior of an optical sensor based on 

calcein-poly (acrylonitrile) in the case of ammonia detection . The 
sensitivity increased when I/I [sub] 0 (optical intensity ratio) decreased 
from 0.95... 

...tecton, DM 189) deposited on a mass-sensitive device (Boeker, P.; 
Horner, G. ; Rosier, S. Sensors and Actuators 2000, B 70, 37-42). The 
response to 100 ppm ammonia (in Hertz) is double at 20.000 ppm water 
(saturated, humidity) compared to the response... 
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Summary of the Invention: 

...nanotubes grown on silicon or other substrates by chemical vapor 
deposition from iron- containing catalyst nanoparticles with 
methane/hydrogen gas mixture at 900 degree C. Other catalyst materials 
and gas mixtures . . . 

Description of the Invention: 

...shown in FIGS. 5A and 5B, respectively. The response and recovery of 
the PEI-functionalized ammonia sensor (FIG. 5B) are remarkably fast. 
The response to ammonia is also dependent on a gate voltage. At 
positive gate, measured current through the PEI . . . 

Non- exemplary or Dependent Claim (s) : 

...9. The nanostructure sensor of claim 1, wherein the target species 
comprises ammonia and the polymer layer is PEI... 
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Detailed Description 

Detailed Description 

... 8 having a temperature 

of between about 250C and 370C. 

As used herein, the term nanoparticle or 
nanosphere typically refers to a particle, usually 
a solid particle (as opposed to a capsule) , of size 
ranging from 10 to 1000 nm. In a preferred 
embodiment, the nanoparticle is biodegradable, 
biocompatible, has a size of less than 200 nm and 
has a rigid... and those applications that do not 
require high enzyme activity (for example, an assay 
to detect urea as opposed to a method to convert 
all urea to ammonia ) . For those applications, the 
meaning of a "significant amount of enzyme 
activity" must be considered. .. tract) or by 
inhalation. 

The polymers disclosed herein can be fabricated 
into loaded microparticles or nanoparticles using 
any appropriate method known to those skilled in 
the art. 
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...ABSTRACT: electrospinning of homogenous solution of poly (vinyl 

alcohol) (PVA) , poly(acrylic acid) (PAA) and Ti02 nanoparticles . A 
series of nanofiber samples with different concentration of PAA were 
fabricated on the QCM. . . 

...resonance frequency shift due to additional mass loading. The results 
showed the sensing properties for ammonia gas were strongly affected 
by the concentration of PAA in nanofibers. And the sensor was 
suitable to detect the low concentration of ammonia gas. (author 
abst . ) 
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Description of the Invention: 

. . .green (Tetrabromo-m-cresolsulf onephthalein) , cresol red 
(o-Cresolsulf onephthalein) , phenolphthalein, bromothymol blue 
(3 1 , 3"-Dibromothymolsulf onephthalein) , p- naphtholbenzein (4- 
alpha- (4 -Hydroxy- 1-naphthyl) benzylidene ! -1 (4H) -naphthalenone) and neutral 
red (3 -Amino. . . 

...2 SO [sub] 4 production by contaminating bacteria). An exemplary indicator 
for the detection of ammonia produced by contaminating bacteria 
comprises a mixture of potassium iodide, mercuric (III) iodide, sodium 
borate . . . 
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Summary of the Invention: 

.m-cresolsulf onephthalein) , Congo red, cresol red 
(o-Cresolsulfonephthalein) , phenolphthalein, bromothymol blue 
(3 ' , 3 11 -Dibromothymolsulf onephthalein) , p- naphtholbenzein 
(4- [alpha- ( 4 -Hydroxy- 1-naphthyl) benzylidene] -1 (4H) -naphthalenone) and 
neutral red (3 -Amino. . . 

...2 SO [sub] 4 production by contaminating bacteria). An exemplary indicator 
for the detection of ammonia produced by contaminating bacteria 
comprises a mixture of potassium iodide, mercuric (III) iodide, sodium 
borate. . . 
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Summary of the Invention: 

...bis [2 , 4-dinitrophenyl] -acetate, tropaeolin, thymol blue, 
o-cresolphthalein, phenolphthalein, thymolphthalein, Nile blue A, alpha 
- naphtholbenzein , alizarin yellow GG, alizarin yellow R, and the like, 
or mixtures thereof. The preferred indicators... 



Non-exemplary or Dependent Claim (s) : 

. . .bis [2 , 4-dinitrophenyl] acetate, tropaeolin, thymol blue, 

o-cresolphthalein, phenolphthalein, thymolphthalein, Nile blue A, 
alpha - naphtholbenzein , alizarin yellow GG, alizarin yellow R, and 
mixtures thereof... 
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...CLAIMS wenigstens einen Indikator, ausgewahlt aus Fluorescein, Cumarin, 
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ABSTRACT: A spectrophotometry FIA method for the determination of the 

total acid number in a lubricant was proposed, which involved using an 
acid-base buffer solution prepared with a nonaqueous solvent. This 
method is based on measurements of the absorbance change of an 
indicator contained in the acid-base buffer solution, which is 
generated due to a neutralization reaction of acid in the lubricant 
with the buffer base. The sample (200 .MU.l or 20 .MU.l) injected into 
a stream of a nonaqueous solvent, toluene/H20/2-propanol (52/1/47 
v/v%) , was merged with a stream of tetrabutylammonium hydroxide (TBAOH) 
solution; the sample acid was then neutralized with TBAOH. An excess of 
TBAOH was merged with a stream of tetramethylguanidine (TMG) 
hydrochloric acid solution containing an indicator ( . ALPHA . - 
naphtholbenzein ) , which had a similar pKa value to TMGvHCl in the 
present nonaqueous solvent. The reaction of the excess TBAOH with 
TMGvHCl gave rise to a composition change of the acid-base buffer 
solution, TMG -TMGvHCl . Since the indicator, . ALPHA .-naphtholbenzein 
, behaves similarly to the buffer component, the change in the ratio of 
TMGvHC 1 / TMG could be determined by a measurement of the absorbance 
change of the indicator. The absorbance changes at 680 nm (the 
wavelength at maximum absorbance of . ALPHA . - naphtholbenzein in 
basic form) were monitored with a spectrophotometric detector. 
Peak-shape signals were obtained for acid samples, and a linear 
relationship between the peak height and the concentration of the 
samples was found. The sensitivity of the proposed method for several 
kinds of acids was nearly identical irrespective of the acids. The 
proposed method was successfully applied to the determination of the 
total acid number in the lubricant with a sampling rate of 20 hr-1. 
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..SPECIFICATION nach farblos bei niedrigerem pH. 

Derartige Saure-Base-Indikatoren sind beispielsweise Phenolphthalein, 
Nitramin, o-Kresolphthalein, ( alpha ) - Naphtholbenzein und 
Thymolphthalein. Ein erf indungsgemas besonders geeigneter 
Saure-Base-Indikator ist Phenolphthalein. 

Der Saure-Base-Indikator. . . 



. . .CLAIMS der Saure-Base-Indikator ausgewahlt ist aus der Gruppe bestehend 
aus Phenolphthalein, Nitramin, o-Kresolphthalein, ( alpha ) - 
Naphtholbenzein und Thymolphthalein. 
5. Beschichtungsmittel nach einem der vorangegangenen Anspruche, dadurch 
gekennzeichnet , dass der Saure-Base . . . 
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C/ Method for determining deleterious bacterial growth in packaged food 
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; STORING FOOD IN A PACKAGE HAVING HYDROPHILIC POLYMER LINING PERMEABLE TO 
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Summary of the Invention: 

. . .m-cresolsulf onephthalein) , Congo red, cresol red 
(o-Cresolsulfonephthalein) , phenolphthalein, bromothymol blue 
(3 ■ , 3"-Dibromothymolsulfonephthalein) , p- naphtholbenzein 
(4- [alpha- ( 4 -Hydroxy- 1-naphthyl) benzyl idene] -1 (4H) -naphthalenone) and 
neutral red (3 -Amino. . . 

...2 SO [sub] 4 production by contaminating bacteria). An exemplary indicator 
for the detection of ammonia produced by contaminating bacteria 
comprises a mixture of potassium iodide, mercuric (III) iodide, sodium 
borate . . . 
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Fulltext Word Count: 4586 

Description of the Invention: 

...green (Tetrabromo-m-cresolsulf onephthalein) , cresol red 
(o-Cresolsulf onephthalein) , phenolphthalein, bromothymol blue 
(3 1 , 3 " -Dibromothymolsulf onephthalein) , p- naphtholbenzein (4- 
alpha- (4 -Hydroxy- 1-naphthyl) benzylidene ! -1 (4H) -naphthalenone) and neutral 
red (3 -Amino. . . 

...2 SO [sub] 4 production by contaminating bacteria). An exemplary indicator 
for the detection of ammonia produced by contaminating bacteria 
comprises a mixture of potassium iodide, mercuric (III) iodide, sodium 
borate . . . 
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Fulltext Word Count: 5747 
Abstract : 

[00000] The invention provides a breath testing device which visually 
indicates the presence of ammonia in a patient's breath, in particular 
ammonia from helicobacter pylori urease infection. The breath testing 
device comprises a visual indicating agent which changes color in 
response to ammonia odors, such as 4 , 4 ' -bis (dimethylamino) -benzhydrol 
(Michler's hydrol or BDMB) , pararosaniline base and alpha - 
naphtholbenzein . The indicating agent is applied to a substrate which is 
then inserted into a tube... 

...the tube or straw, the indicating agent will change color if it detects 
levels of ammonia which are consistent with helicobacter pylori urease 
infection. 

Summary of the Invention: 

...0009] The visual indicating agent is typically a dye which is color 
sensitive to ammonia odors, such as 4 , 4 • -bis (dimethylamino) -benzhydrol 
(BDMB or Michler's hydrol (MH) ) , a... 

...chemical structure to MH, a triamino-triphenyl -methanol dye such as 

pararosaniline base (PAB) , alpha- naphtholbenzein or any other dye which 
has high sensitivity for ammonia . The dye may change color by fading to 
a lighter color, by deepening in color... 



Description of the Invention: 

...0061] The devices were tested by injecting known concentrations of 



ammonia hydroxide into the straws to determine their sensitivity to 
ammonia odors. A color change (from blue 16 to colorless 18) was noticed 
and was clearly visible in the presence of ammonia odors... 

...0062] The experiment was repeated using PAB-dye and alpha - 

naphtholbenzein dye instead of MH-dye. On exposure to ammonia odors, 
the dye-coated substrates were observed to change from red to colorless 
and from. . . 

...of the indicating dye showed a clear difference between before and after 
the exposure to ammonia odors (-100 ppb) . The level of detection of 
ammonia odor by either MH or PAB. . . 
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Fulltext Word Count: 2701 

Non-exemplary or Dependent Claim (s) : 

. . .ethylamine (TEA) , 2 -amino -2 -methyl -1-propanol (AMP) , 

dimethylaminopropylamine (DMAPA) , N,N-dimethylethanolamine (DMEA) , 
ammonia and mixtures thereof... 

...the color changing pH indicator is selected from the group consisting of 
phenolphthalein, thymophthalein, p- naphtholbenzein , 4-nitrophenol , 
3-nitrolphenol , o-cresolphthalein, m-cresol red, thymol blue, 
m-cresol purple and. . . 
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4417092 

Derwent Accession: 2000-086559 

Utility 
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C/ Method for determining deleterious bacterial growth in packaged food 
utilizing hydrophilic polymers 

; STORING FOOD IN A PACKAGE HAVING HYDROPHILIC POLYMER LINING PERMEABLE TO 
WATER OR WATER VAPOR AND GAS RELEASED BY BACTERIA SUCH AS CARBON DIOXIDE, 
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Fulltext Word Count: 7778 

Summary of the Invention: 

. . .m-cresolsulf onephthalein) , Congo red, cresol red 
(o-Cresolsulfonephthalein) , phenolphthalein, bromothymol blue 
(3 1 , 3 " -Dibromothymolsulf onephthalein) , p- naphtholbenzein 
(4- [alpha- (4-Hydroxy-l-naphthyl)benzylidene] -1 (4H) -naphthalenone) and 
neutral red (3 -Amino. . . 

...2 SO [sub] 4 production by contaminating bacteria). An exemplary indicator 
for the detection of ammonia produced by contaminating bacteria 
comprises a mixture of potassium iodide, mercuric (III) iodide, sodium 
borate . . . 
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Fulltext Word Count: 4586 
Description of the Invention: 

. . .green (Tetrabromo-m-cresolsulf onephthalein) , cresol red 



(o-Cresolsulf onephthalein) , phenolphthalein, bromothymol blue 

(3 ' , 3"-Dibromothymolsulfonephthalein) , p- naphtholbenzein (4- 

alpha- ( 4 -Hydroxy- 1 -naphthyl ) benzylidene ! -1 (4H) -naphthalenone) and neutral 

red (3 -Amino. . . 

.2 SO [sub] 4 production by contaminating bacteria). An exemplary indicator 
for the detection of ammonia produced by contaminating bacteria 
comprises a mixture of potassium iodide, mercuric (III) iodide, sodium 
borate. . . 
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Patent Applicant /Assignee : 
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DZ EC EE EG ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC 
LK LR LS LT LU LV MA MD MG MK MN MW MX MZ NA NI NO NZ OM PG PH PL PT RO 
RU SC SD SE SG SK SL SY TJ TM TN TR TT TZ UA UG US UZ VC VN YU ZA ZM ZW 
(EP) AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HU IE IT LU MC NL PL PT RO 
SE SI SK TR 

(OA) BF BJ CF CG CI CM GA GN GQ GW ML MR NE SN TD TG 

(AP) BW GH GM KE LS MW MZ NA SD SL SZ TZ UG ZM ZW 

(EA) AM AZ BY KG KZ MD RU TJ TM 
Publication Language: English 
Filing Language: English 
Fulltext Word Count: 2609 

Fulltext Availability: 
Detailed Description 
Claims 

Detailed Description 

... tri-ethylamine (TEA), 2 -ainino methyl- 1 -propanol (AMP), 

dimethylaminopropylarnine (DMAPA) , N, N-dimethylethanolamine (DMEA) , 

ammonia and mixtures thereof . 
In another refinement, a volatile acid is used which comprises acetic 
acid. . . 



.selected from the group consisting of pentamethoxy red, inethyl red, 



methyl yellow, phenolphthaleiin, thymophthalein, p- naphtholbenzein , 
4-nitrophenol, 3-nitrolphenol, o-cresolphthaloin, m-cresol red, thymol 
blue, m-cresol purple and... 

...mixture. Further, a mixture of different amines can be 

advantageous. For example, the combination of ammonia which is a 
quickly 

evaporating amine with DMEA, which is slowly evaporating amine, can be... 

...Preferred color changing pH indicators include pentarnethoxy red, 
methyl red, methyl yellow, phenolphthalein, thymophthalein, p- 
naphtholbenzein , 43 0 nitrophenol, 3-nitrolphenol, o-cresolphthalein, 
m-cresol red, thymol blue, rr .L-cresol . . . 

Claim 

... consisting of tri-ethylarnine (TEA), 2 -arnino2 -methyl- I -propanol 
(AMP) , dimethylaminopropylarnine (DNLAPA) , NNdimethylethanolarnine 
(DMEA) , ammonia and mixtures thereof . 

3 The color changing correction fluid of claim I wherein the 
color changing pH indicator is selected from the group consisting of 
phenolphthalein, thymophthalein, p- naphtholbenzein , 4-nitrophenol, 
3-nitrolphenol, o-cresolphthalein, 1 5 m-cresol red, thymol blue, 
rn-cresol . . . 
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DZ EC EE EG ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC 
LK LR LS LT LU LV MA MD MG MK MN MW MX MZ NA NI NO NZ OM PG PH PL PT RO 
RU SC SD SE SG SK SL SY TJ TM TN TR TT TZ UA UG US UZ VC VN YU ZA ZM ZW 
(EP) AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HU IE IT LU MC NL PL PT RO 



SE SI SK TR 

(OA) BF BJ CF CG CI CM GA GN GQ GW ML MR NE SN TD TG 

(AP) BW GH GM KE LS MW MZ NA SD SL SZ TZ UG ZM ZW 

(EA) AM AZ BY KG KZ MD RU TJ TM 
Publication Language: English 
Filing Language: English 
Fulltext Word Count: 6903 

Fulltext Availability: 
Detailed Description 

Detailed Description 

Indicating Agent for 
Agent 

Michler's Hydrol H (CH3)2NC6H5- (CH3)2NC6H6- Thiols, Mercaptans, 
(MH) Ammonia , Amines, 
Diamines and Polyamines 

Pararosaniline (NH2)C6H5- (NH2)C6H5- (NH2)C6H5- Ammonia , Amines, 
Base (PAB) Diamines and Polyamines 

Ammonia , Amines, 
Alpha- C61 H 0 - 0 

naphtholbenzein Diamines and Polyamines 
(ANB) 

Naphthochrome C61 Na02C C02Na Ammonia , Amines, 
Green (NCG) HO 0 Diamines and Polyamines 
I I I I 

The dye may. . . 

. . .will depend on the concentration of the indicating agent or the 

concentration of sulfur or ammonia compounds in the patient's breath. 

Therefore, in order to observe a color change in response to sulfur 
and/or ammonia levels >10 parts per billion (ppb) , more preferably >20 
ppb, and most preferably >25 ppb... 
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METHOD FOR DETERMINING DELETERIOUS BACTERIAL GROWTH IN PACKAGED FOOD 

UTILIZING HYDROPHILIC POLYMERS 
PROCEDE PERMETTANT DE DETERMINER UNE CROISSANCE BACTERIENNE NEFASTE DANS 
DES PRODUITS ALIMENTAIRES CONDITIONNES A L 1 AIDE DE POLYMERES 
HYDROPHILES 
Patent Applicant/Assignee: 

THOMAS J HORAN FAMILY TRUST, 
STOLTENBERG Herbert W, 
STOLTENBERG Ruben J, 
LAIRD Edwin C, 
Inventor (s) : 

HORAN Thomas J DI, 
Patent and Priority Information (Country, Number, Date) : 
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AE AL AM AT AU AZ BA BB BG BR BY CA CH CN CU CZ DE DK EE ES FI GB GD GE 
GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC LK LR LS LT LU LV MD MG MK 
MN MW MX NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT UA UG UZ VN YU 
ZA ZW GH GM KE LS MW SD SL SZ UG ZW AM AZ BY KG KZ MD RU TJ TM AT BE CH 
CY DE DK ES FI FR GB GR IE IT LU MC NL PT SE BF BJ CF CG CI CM GA GN GW 
ML MR NE SN TD TG 

Publication Language: English 

Fulltext Word Count: 8036 

Fulltext Availability: 
Detailed Description 
Claims 

Detailed Description 

m-cresolsulf onephthalein) , Congo red, cresol 
red (o-Cresolsulfonephthalein) , phenolphthalein, bromothymol 
blue (31, 311-Dibromothymolsulf onephthalein) , p- naphtholbenzein 
(4- [alpha- (4 -Hydroxy- 1-naphthyl) benzylidenel-1 (4H) 
naphthalenone) and neutral red (3 -Amino. . . 

. . . from C02 

or H2S04 production by contaminating bacteria) . An exemplary 
indicator for the detection of ammonia produced by contaminat 
ing bacteria comprises a mixture of potassium iodide, mercuric 
(III) iodide, sodium. . . 



group consisting of xylenol 
blue, bromocresol purple, bromocresol green, cresol red, 
phenolphthalein, bromothymol blue, p- naphtholbenzein and 
neutral red. 

18 A food storage package adapted to detect gas 
released by bacteria. . . 

.the group consisting of carbon dioxide, carbon monoxide, hydrogen 
sulfide, sul 

fur dioxide, hydrogen and ammonia gas, said hydrophilic 
polymeric composition either coating or containing an amount 
of an indicator effective... 
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C /METHOD AND DEVICE FOR DETECTING AMMONIA ODORS AND HELICOBACTER PYLORI 
UREASE INFECTION 

Inventors: Boga RameshBabu (US); MacDonald John Gavin (US) 
Assignee: Kimberly-Clark Worldwide Inc 
Assignee Code: 42059 

Attorney, Agent or Firm: DORITY & MANNING, P. A., POST OFFICE BOX 1449, 
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Publication 
Number 



Kind Date 



Application 
Number 



Date 



Priority Applic: 



US 20050084977 Al 20050421 US 2003687327 20031016 

US 2003687327 20031016 



Abstract: The invention provides a breath testing device which visually 
indicates the presence of ammonia in a patient's breath, in particular 
ammonia from helicobacter pylori urease infection. The breath testing 
device comprises a visual indicating agent which changes color in response 
to ammonia odors, such as 4 , 4 1 bis (dimethyl amino) -benzhydrol (Michler's 
hydrol or BDMB) , pararosaniline base and alpha- naphtholbenzein . The 
indicating agent is applied to a substrate which is then inserted into a 
tube . . . 

...the tube or straw, the indicating agent will change color if it detects 
levels of ammonia which are consistent with helicobacter pylori urease 
infection. 
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10836704 2005-0075419 2005-0017957 
C/COLOR CHANGING CORRECTION FLUID 

Inventors: Kwan Wing Sum Vincent (US); Zhu Jiandong (US) 
Assignee: Unassigned Or Assigned To Individual 
Assignee Code: 68000 

Attorney, Agent or Firm: MARSHALL, GERSTEIN & BORUN LLP, 6300 SEARS TOWER, 
233 S. WACKER DRIVE, CHICAGO, IL, 60606, US 

Publication Application 

Number Kind Date Number Date 



US 20050075419 Al 20050407 US 2004776860 20040211 
Priority Applic: US 2004776860 20040211 

Provisional Applic: US 60-508095 20031002 

Non-exemplary Claims : 
. . .ethylamine (TEA) , 2 -amino -2 -methyl - 1-propanol (AMP) , 

dimethylaminopropylamine (DMAPA) , N, N-dimethylethanolamine (DMEA) , 
ammonia and mixtures thereof . . . 

...the color changing pH indicator is selected from the group consisting 
of phenolphthalein, thymophthalein, p- naphtholbenzein , 4 -nitrophenol , 
3-nitrolphenol, o-cresolphthalein, m-cresol red, thymol blue, m-cresol 
purple and. . . 
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19881359 PMID: 16256655 

Direct coating of gold nanoparticles with silica by a seeded 
polymerization technique. 

Mine Eiichi; Yamada Akira; Kobayashi Yoshio; Konno Mikio; Liz-Marzan Luis 

M 

Department of Chemical Engineering, Graduate School of Engineering, 
Tohoku University, Aoba, Aramaki-aza, Aoba-ku, Sendai 980-8579, Japan. 

Journal of colloid and interface science (United States) Aug 15 2003, 
264 (2) p385-90, ISSN 002 1- 9797 - -Print Journal Code: 0043125 

Publishing Model Print 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type: PubMed not MEDLINE 

Gold nanoparticles prepared through a conventional citrate-reduction 
method were directly coated with silica by means of a seeded polymerization 
technique based on the Stober method. The method required no surface 
modification. The addition of tetraethylorthosilicate and water prior to 
ammonia was found to be critical to obtain a proper coating. The silica 
shell thickness was varied from 3 0 to 90 nm for TEOS concentrations of 
0.0005-0.02 M at 10.9 M of water and 0.4 M of ammonia . The optical 
spectra of the core-shell gold-silica composite particles agreed with 
predictions of Mie theory. 

Record Date Created: 20051031 

Record Date Completed: 20060209 
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19881358 PMID: 16256654 

Low-temperature synthesis of niobium oxide nanoparticles from peroxo 



niobic acid sol. 

Uekawa Naofumi; Kudo Takuji; Mori Fumihiko; Wu Yong Jun; Kakegawa 
Kazuyuki 

Department of Materials Technology, Faculty of Engineering, Chiba 
University, 1-33 Yayoi-cho, Inage-ku, Chiba-shi 263-8522, Japan. 
uekawa@f acuity . chiba -u . jp 

Journal of colloid and interface science (United States) Aug 15 2003, 
264 (2) p378-84, ISSN 0021-9797--Print Journal Code: 0043125 

Publishing Model Print 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type: PubMed not MEDLINE 

A peroxo niobic acid sol was prepared by peptization of the niobic acid 
precipitate (Nb205.nH20) with a H202 aqueous solution. Crystallized Nb205 
nanoparticles and niobic acid nanoparticles were obtained by heating 
the peroxo niobic acid sol. When peroxo niobic acid sol prepared by 
peptization of the niobic acid precipitate ([NH3]=0.3 mol/1) was heated at 
348 K for 1 week, Nb205 nanoparticles with a diameter of 4.5 nm and a 
S (BET) of 275 m2/g were obtained. When peroxo niobic acid sol prepared by 
peptization of the niobic acid precipitate ([NH3]=1 mol/1) was heated at 
348 K for 1 week, niobic acid nanoparticles with a diameter of less than 
2 nm were obtained. The pore structure and degree of crystallinity of the 
nanoparticles prepared by heating the peroxo niobic acid sol greatly 
depended on the concentration of the ammonia solution used for preparing 
the niobic acid precipitate. 

Record Date Created: 20051031 

Record Date Completed: 20060209 
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19358699 PMID: 15913636 

A novel method for synthesis of silica nanoparticles . 

Rao Kota Sreenivasa; El-Hami Khalil; Kodaki Tsutomu; Matsushige Kazumi; 
Makino Keisuke 

Venture Business Laboratory, Kyoto University, Yoshida-Honmachi, 
Sakyo-ku, Japan, kotas 1999@yahoo.com 

Journal of colloid and interface science (United States) Sep 1 2005, 
289 (1) pl25-31, ISSN 0021-9797--Print Journal Code: 0043125 

Publishing Model Print 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type: In Process 

Subfile: INDEX MEDICUS 

A sequential method has been used, for the first time, to prepare 
monodisperse and uniform-size silica nanoparticles using ultrasonication 
by sol-gel process. The silica particles were obtained by hydrolysis of 
tetraethyl orthosilicate (TEOS) in ethanol medium and a detailed study was 
carried out on the effect of different reagents on particle sizes. 
Various-sized particles in the range 20-460 nm were synthesized. The 
reagents ammonia (2.8-28 mol L(-l)), ethanol (1-8 mol L(-l)), water (3-14 
mol L(-l)), and TEOS (0.012-0.12 mol L(-l)) were used and particle size was 
examined under scanning electron microscopy and transmission electron 
microscopy. In addition to the above observations, the effect of 
temperature on particle size was studied. The results obtained in the 
present study are in agreement with the results observed for the electronic 



absorption behavior of silica particles, 
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Chopra, et al . ( "Carbon-nanotube-based Resonant-circuit 

Sensor for Ammonia , " Applied Physics Letters, Volume 8, Number 24, 
2002, which is incorporated herein in its entirety by reference thereto) 
have described an ammonia sensor formed of a simple micro- strip 
circular disk resonator coated with carbon nanotubes (either 
single-walled or multi-walled nanotubes) on the surface. The sensors 
show a shift in resonant frequency upon adsorption of ammonia of about 
4.375 MHz for a single-walled nanotube (SWNT) sensor and a shift of 
about 3.25 MHz for a multi-walled nanotube (MWNT) sensor , and can 
detect the presence of ammonia down to a concentration of about 100 
ppm. . . 
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DOCUMENT-IDENTIFIER: US 5904814 A 

TITLE: RemovaPof water and ammonia from benzophenone imine reactor effluents 

/ 

CLAIMS: 

1 . A process for removing water and ammonia from benzophenone imine reactor effluents resulting 
from the catalytic reaction of benzophenones of the formula I ##STR5## where R.sub.l and R.sup.2, are 
independently selected from the group consisting of 

a) halogen, hydroxyl, nitro, amino; 

b) straight-chain, branched or cyclic alkyl or O-alkyl having from 1 to 12 carbon atoms, which may 
themselves be substituted with C.sub.6-10 -aryl, F, CI, Br; 

c) aryl or O-aryl having from 6 to 10 carbon atoms, which may themselves be substituted with C.sub.l- 
12 -alkyl or -O-alkyl; 

d) heteroalkyl in which alkyl radicals defined as above are interrupted by one or more heteroatoms 
selected from the class consisting of O, S and N; and 

e) heteroaryl having from 5 to 10 ring atoms including from 1 to 3 heteroatoms selected from the class 
consisting of O, S and N, 

where m and n, independently, are integers from 0 to 5, 
with ammonia, 

which process comprises: distilling off the ammonia and removing the water by distillation or removing 
the water non-distillatively. 
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c) aryl or O-aryl having from 6 to 10 carbon atoms, which 
may themselves be substituted with C t i 2 -alkyl or 
— O-alkyl; 

d) heteroalkyl in which alkyl radicals defined as above are 
interrupted by one or more heteroatoms selected from 
the class consisting of O, S and N; 

e) heteroaryl having from 5 to 10 ring atoms including 
from 1 to 3 heteroatoms selected from the class con- 
sisting of O, S and N, 

where m and n, independently, are integers from 0 to 5, 
with ammonia. 

R 1 and R 2 , independently of one another, are preferably 
hydroxyl, nitro, straight-chain or branched alkyl or O-alkyl 
having from 1 to 4 carbon atoms, or phenyl or O-phenyl, 
which may be unsubstituted or substituted with C^-alkyl or 
C^-O-alkyl. 

m and n, independently, are preferably integers from 0 to 
2, particularly preferably 0 or 1. 

In particular, m-n-0, i.e. benzophenone is used for reac- 
tion with ammonia to give benzophenone imine. 

The invention is illustrated below by means of examples. 

The benzophenone imine reactor effluent used in the 
examples was obtained by the following process. 

180 g of benzophenone and 720 g of ammonia per hour 
were passed, at a pressure of 200 bar and at 130° C, through 
a tubular reactor filled with 60 ml of titanium dioxide in the 
form of 3 mm extrudates. The aqueous phase was then 
separated off from the reactor effluent, and the organic phase 
was used in the following examples. This organic phase 
consisted of 89.8% by weight of benzophenone imine, 
5.28% by weight of benzophenone, 1.82% by weight of 
water and 3.10% by weight of ammonia. 

EXAMPLE 1 

500 g of the benzophenone imine effluent were pumped 
continuously to a film evaporator with an oil temperature of 
from 100 to 120° C. and a pressure of 9 mbar. This gave, as 
bottom product, a total of 441 g of anhydrous, colorless 
benzophenone imine mixture having a content of 94.3% by 
weight of benzophenone imine and 5.68% by weight of 
benzophenone. The product had an APHA color number of 
35 Hazen. The water content, determined by the Karl Fischer 
method, cf. DIN 51777, Part 1, direct method, was 0.03% by 
weight. 

EXAMPLE 2 

500 g of the benzophenone imine effluent were distilled 
continuously through a film evaporator with an oil tempera- 
ture of from 160 to 180° C, at a pressure of less than 10 
mbar. This gave, as product at the top of the column, a total 
of 422 g of anhydrous, colorless benzophenone imine mix- 
ture having a benzophenone imine content of 94.3% by 
weight and a benzophenone content of 5.56% by weight. 
The product had an APHA color number of 28 Hazen. The 
water content, determined by the Karl Fischer method, was 
0.02% by weight. 

EXAMPLE 3 

250 g of the benzophenone imine effluent were pumped 
continuously to a falling-film evaporator with an oil tem- 
perature of 100° C, at a pressure of 40 mbar, to remove the 
ammonia. This gave, as bottom product, 228 g of ammonia- 
free raw benzophenone imine. This product had a water 
content of about 1.6% by weight, and was mixed with 47 g 
of molecular sieve (type 514, 4 A), and stirred at room 
temperature. After 4 hours, the molecular sieve was filtered 
off, giving 214 g of colorless benzophenone imine mixture 
having a benzophenone imine content of 94.1% by weight 
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and a benzophenone content of 5.79% by weight. The APHA 
color number was 22 Hazen and the water content, deter- 
mined by the Karl Fischer method, was 0.6% by weight. 

In Examples 1 and 2, the ratio of benzophenone to 
s benzophenone imine was equal to the ratio in the reactor 
effluent used, and in Example 3 it was slightly higher. This 
shows that during the work-up there is no, or only very little, 
reverse reaction or decomposition of the benzophenone 
imine. The novel process may therefore advantageously be 
j 0 used for purifying benzophenone imine reactor effluents in 
order to obtain a product which can be stored. 

Benzophenone imine is used in industry as a starting 
compound for products which give protection from light. 

We claim: 

15 1. A process for removing water and ammonia from 
benzophenone imine reactor effluents resulting from the 
catalytic reaction of benzophenones of the formula I 

00 



20 




25 where R a and R 2 , are independently selected from the group 
consisting of 

a) halogen, hydroxyl, nitro, amino; 

b) straight-chain, branched or cyclic alkyl or O-alkyl 
having from 1 to 12 carbon atoms, which may them- 

30 selves be substituted with C 6 . 10 -aryl, F, CI, Br; 

c) aryl or O-aryl having from 6 to 10 carbon atoms, which 
may themselves be substituted with Cj 12 -alkyl or 
—O-alkyl; 

35 d) heteroalkyl in which alkyl radicals defined as above are 
interrupted by one or more heteroatoms selected from 
the class consisting of O, S and N; and 
e) heteroaryl having from 5 to 10 ring atoms including 
from 1 to 3 heteroatoms selected from the class con- 
sisting of O, S and N, 
where m and n, independently, are integers from 0 to 5, 
with ammonia, 

which process comprises: distilling off the ammonia and 
removing the water by distillation or removing the water 
45 non-distUlatively. 

2. The process of claim 1, wherein said ammonia and 
water are distilled off simultaneously. 

3. The process of claim 1, wherein the ammonia is first 
distilled off from the reactor effluent and then the water is 
distilled off or removed non-distillatively. 

4. The process of claim 3, wherein the non-distillative 
removal of the water is carried out with a drying agent. 

5. The process of claim 3, wherein the ammonia is 
distilled using a falling-film evaporator. 

6. The process of claim 5, wherein the water is removed 
55 using a molecular sieve. 

7. The process of claim 1, wherein, before the distillation, 
the reactor effluent is separated by phase into an ammonia- 
containing aqueous phase and an organic phase, which still 
contains water and ammonia, and the aqueous phase is 

60 removed. 

8. The process of claim 1, wherein the distillation is 
carried out in a stripping column or in a film evaporator. 

9. The process of claim 1, wherein the distillation is 
carried out at from 20 to 200° C. and at a pressure of from 

65 1 to 1000 mbar. 

***** 
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DOCUMENT- IDENTIFIER: US 6821786 B2 

TITLE: Diagnostic test for elemental imbalances 



Detailed Description Paragraph Table (1) : 

TABLE 1 Mineral Reagents Element Suitable Reagents Aluminum lumogallion; o,o'- 
dihydroxyazobenzene; aluminon; oxine Antimony 5-Br-PADAP; rhodamine B; brilliant 
green; thionalide Arsenic arsemate; thionalide; nitrocatechol ; ethyl violet Barium 
dimethylsulfonazo-III; sulf onazo-III ; chlorophosphonazo-III Beryllium chromazural 
S; arsenazo-I; acetylacetone ; beryllon- III; 2-methyloxine; aluminon Bismuth 
bismuthio-II; XO; 5-Br-PADAP; DDTC; dithizone Boron azomethine-H; chromotropic 
acid; dinitronaphthalenediol ; 3 , 5 -di-t-butylcatechol ; 2,6- dihydroxybenzoic acid; 
curcumin Bromine bindschedler ' s green leuco base; diphenylcarbazone Cadmium GHA; 
PAN; DDTC; cadion; dithizone; 5-Br-PADAP; 5-Br-DMPAP Calcium PC; MX; indo 1; indo 
1-AM; chlorophosphonazo-III; neo-thorin; fluo 3; fluo 3 -AM; arsenazo-III ; HDOPP-Ca; 
rhod 2; rhod 2 -AM; GHA; quin 2; quin 2 -AM; calmagite; fura 2; fura 2 -AM Cerium PAN; 
formaldoxime; pyrogallol red Cesium cesibor; tetraphenylborate Chlorine thio- 
michler 1 s ketone; MQAE; SPQ; diethylcarbamate-Cu; diphenylcarbazone; triocytlin; 
tris (1, 10-phenanthroline) Fe (II) Chromium 5-Br-PAPS; o-nitropheny If luorone; 
diphenylcarbazide; 5-Br-PADAP Cobalt BTAMB ; TAMSMB; 5-C1-PADAB; dithizone; 3,5- 
diBr-PAMB; nitroso-DMAP; 5-Br-PADAP; nitroso-PSAP; nitroso-DEAP; 5 -Br-PADAB Copper 
bathocuproin disulfonic acid disodium salt; bathocuproin; TAMSMB; 3 , 5-diBr-PAESA; 
sodium bicinchoninate; neocuproin; 5-Br-PSAA; BTAMB; TMPyP; Na-DDTC; dithizone 
Europium EuAc.sub.3 ; Eu.sub.2 O.sub.3 Fluorine alfusone; chromazurol S Gadolinium 
GdAc.sub.3 ; Gd (NO . sub . 3 ) . sub . 2 Gallium lumogallion; sincon; oxine; rhodamine B; 
semiethylxylenol Blue Germanium phenyl f luorone Gold KAu (CN) . sub . 2 ; NaAuCl.sub.4 ; 
KAuCl . sub . 4 ; KAul . sub . 4 ; rhodamine B ; 5 - (p-dimethylaminobenzylidene) rhodamine 
Indium PAN; PAR; oxine; dithizone Iodine K.sub.2 Hgl.sub.4 /I. sub. 2 ; 
bindschedler 1 s green leuco base; diphenylcarbazone; tris (1, 10-phenanthroline) Fe ( II ) 
complex Iridium K.sub.3 IrCl.sub.6 ; Na.sub.3 IrCl.sub.6 ; SnCl.sub.2 -HBr ; leuco- 
crystal violet Iron bathophenanthroline disulfonic acid disodium salt; 
bathophenanthroline; nitroso-PSAP; TPTZ; PDTS; PDT; nitro-PAPS; 3 , 5 -diBr-PAMB; 5- 
Br-PSAA; PPKO; ferrene S; oxine Lead PbAc.sub.2 ; PbCl.sub.2 ; Pb (NO . sub . 3) . sub. 2 ; 
MePbAc; TPPS; PAR; dithizone; DDTC Lithium thorin; bibenzyl -14 -crown-4 ; 
phosphododecyl-14- crown4 ; TTD- 14 -crown-4 ; methyldodecyl- 12 -crown-4 ; 
dibenzothiazolylmethane; oxine Manganese PAN; TAR; 1 , 10-phenanthroline ; 2- 
methyloxine Mercury EtHgCl.sub.2 ; EtHgphosphate; Hg(CN).sub.2 ; EtHgthiosalicylate 
(thiomersal) ; mersalyl; PCMB; PHMB ; PCMBS; PhHgAc; HgCl.sub.2 ; HgAc.sub.2 ; 
HgSO.sub.4 ; mercurochrome ; Baker's reagent (2Hg) ; tetrakismercuryacetate (TAM) 
(4Hg) ; STTA; dithizone; thio -Michler ' s ketone; di- alpha-napthaylthiocarbonate 
Molybdenum PAR; oxine; DDTC; toluene-3 , 4-dithiol Nickel TAMSMB; BTAMB; PAN; 3,5- 
diBr-PAMB; dimethylglyoxime ; 5-Br-PADAP Niobium PAR; sulf ochlorophenol-S; TPAC; XO; 
BPR; oxine; phenyl f luorone Nitrogen kalibor; phenol; pyradine -pyrazolone; o- 
phthalaldehyde; 4 -aminonahthalene-l-sulf onate; 4- hydroxyxoumarine; chromotropic 
acid; m- phenylenediamine Osmium Os (NH . sub . 3 ) . sub . 6 I. sub. 3 ; K.sub.2 OsCl.sub.6 ; 
K.sub.2 OsO.sub.4 ; bismuthio-II; tiron; PAR; TPAC; brilliant green Paladium 
K.sub.2 PdCl.sub.4 ; K.sub.2 PdBr.sub.4 ; K.sub.2 Pdl.sub.4 ;, PdCl.sub.2 ; Pd 
(NO. sub. 3) .sub. 2 ; BTAMB; 5-Br-PSAA; 5-Br-PAPS; thiooxine ; 5-Br- PADAP; rhodamine 
B; p-nitroso-N, N'dimethylaniline; thio -Michler ' s ketone Phosphorus Co(3)-5-Cl- 
PADAP; malachite green Platinum K.sub.2 PtCl.sub.4 ; K.sub.2 PtCl.sub.6 ; K.sub.2 
Ptl.sub.6 ; K.sub.2 Pt (NO. sub. 2) .sub. 4 ; Pt (NH . sub . 3 ) . sub . 2 CI. sub. 2 ; Pt 
(ethylenediamine)Cl.sub.2 ; K.sub.2 Pt(CN).sub.4 ; 5-Br-PAPS; dithizone; p-nitroso- 



http://westbrs:9000/bin^^ 3/14/06 



Record Display Form 



Page 2 of 3 



N,JN' -dimethylaniline Potassium kalibor; bis (benzo-15-crovm-5) ; 4TF; 6TF; 
picrylaminocrown; picrate; picrylamine; benzo-18-crown-6 Rhenium ReCl . sub . 3 ; 2- 
furildioxime; dimethylglyoxime ; methylene blue Rhodium 5-Br-PAPS; oxine; p-nitroso- 
N # N' dimethylaniline Rubidium kalibor Ruthenium TPTZ; oxine; 1, 10-phenanthroline; 5- 
Br-PAPS Samarium SmAc.sub.3 ; Sm (NO. sub. 3) . sub . 3 ; SmCl.sub.4 Scandium 
chlorophosphonazo-III; PAN; BPR; 5 , 7-dichloro- oxine; quinizarin Selenium 
bismuthiol-2; 2 , 3 -diaminonaphthalene ; 3,3- diaminobenzidine; o-phenylenediamine; 4- 
chloro-o- phenylenediamine Silicon ammonium molybdate; malachite green Silver 
AgNO.Sub.3 ; KAgCN.sub.2 ; 3 , 5 -diBr-PADAP; 3,5-diBr- PAESA; 5- (p- 

dimethylaminobenzylidene rhodamine; 2 - amino-6-methylthio-4-pyrimidine-carboxylic 
acid Sodium bis (12-crown-4) ; nitrophenylazo-15-crown-5 ; oxine Strontium PC; 
sulf onazo-III; dinitrosulf onazo-III ; murexide Sulfur pararosaniline ; barium 
chloranilate; methylene blue; O-phthalaldehyde ; p -phenylenediamine; tris [2- 
(phenyliminomethyl)pyridinato] iron; 2 -aminoperimidine HCl/HBr ; Tellurium 
bismuthiol-2; diethydithiocarbamate Thallium rhodamine B; malachite green; 
dithizone Thorium Th (NO. sub . 3 ) . sub. 4 ; arsenazo-III ; thorin; 5-Br-PADAP; morin Tin 
PV; SATP; toluene-3 , 4 -dithiol ; oxine; phenyl fluorone Titanium diantipyrylmethane; 
tiron; BPR; 0,0'- dihydroxyazobenzene; crystal violet; alizarin Tungsten Na.sub.2 
WO. sub. 4 ; toluene-3 ,4 -dithiol; oxine Uranium UO.sub.2 Ac. sub. 2 ; K.sub.3 UO.sub.2 
F.sub.5 ; UO.sub.2 (NO . sub . 3 ) . sub . 2 ; UO.sub.2 SO. sub. 4 ; arsenazo- III; PAN; 5-Br- 
PADAP; oxine Vanadium PAR; BPA; 5-Br-PAPS; oxine; 3 , 5-diBr-PADAP; 3,5- diBr-PAMB; 
5-Br-PADAP Ytterbium TbCl.sub.3 ; YbAc.sub.3 Zinc zincon; 5-Br-PAPS; PAN; XO; 
TMPyP; zinquin ethyl ester; dithizone; T(5-St)P Zirconium Zr (NO . sub . 3 ) . sub . 4 ; 
arsenazo-III; PV; TAN; XO; 5-Br-PADAP; morin; alizarin red S 

CLAIMS : 

6. The self -diagnostic test as described in claim 5 wherein the mineral specific 
reagents are selected from the group consisting of azomethine-H; chromotropic acid; 
dinitronaphthalenediol; 3 , 5-di-t-butylcatechol ; 2 , 6-dihydroxybenzoic acid; 
curcumin; 5-Br-PAPS; nitrophenylf luorone ; diphenylcarbazide; 5-Br-PADAP; BTAMB; 
TAMSMB; 5-Cl-PADAB; dithizone; 3 , 5 -diBr-PAMB; nitroso-DMAP; nitroso-PSAP; nitroso- 
DEAP; 5-Br-PADAB; bathocuproin disulfonic acid disodium salt; bathocuproin; 3,5- 
diBr-PAESA; sodium bicinchoninate ; neocuproin; 5-Br-PSAA; TMPyP; Na-DDTC; alfusone; 
chromazurol S; phenylf luorone ; K.sub.2 Hgl.sub.4 /I. sub. 2 ; bindschedler » s green 
leuco base; diphenylcarbazone; tris (1, 10 -phenanthroline) Fe (II) complex; 
bathophenanthroline disulfonic acid disodium salt; TPTZ; PDTS; PDT; nitro-PAPS; 
PPKO; ferrene S; PAR; oxine; DDTC; toluene-3 , 4 -dithiol ; PAN; dimethylglyoxime; 
bismuthiol-2; 2 , 3 -diaminonaphthalene ; PV; SATP; toluene-3 , 4 -dithiol ; henylf luorone 
3, 3 -diaminobenzidine; o-phenylenediamine; 4-chloro-o-phenylenediamine; ammonium 
molybdate; malachite green; BPA; zincon; XO; TMPyP; zinquin ethyl ester; and T(5- 
St)P. 

8. The self -diagnostic test as described in claim 7 wherein the mineral specific 
reagents are selected from the group consisting of PC; MX; indo 1; indo 1-AM; 
chlorophosphonazo-III; neo-thorin; fluo 3; fluo 3-AM; arsenazo-III; HDOPP-Ca; rhod 
2; rhod 2 -AM; GHA; quin 2; quin 2 -AM; calmagite; fura 2; fura 2 -AM; thio -michler [ s 
ketone; MQAE; SPQ; diethylcarbamate-Cu; diphenylcarbazone; triocytlin; tris (1,10- 
phenanthroline) Fe (II) ; Co (3) -5-C1-PADAP; malachite green; bis (12 -crown-4 ) ; 
nitrophenylazo-15-crown-5; oxine; pararosaniline ; barium chloranilate; methylene 
blue; O-phthalaldehyde; p -phenylenediamine ; tris [2- (phenyl iminome thy 1) pyridinato] 
iron; and 2 -aminoperimidine HCl/HBr. 

10. The self -diagnostic test as described in claim 9 wherein the mineral specific 
reagents are selected from the group consisting of lumogallion; o,o'- 
dihydroxyazobenzene; aluminon; oxine; 5Br-PADAP; rhodamine B; brilliant green; 
arsemate; thionalide; nitrocatechol; ethyl violet; dimethylsulf onazo-III ; 
sulfonazo-III; chlorophosphonazo-III; chromazural S; arsenazo-I; acetylacetone; 
beryllon-III; 2 -methyloxine ; bismuthio-II ; XO; DDTC; dithizone; bindschedler ' s 
green leuco base; diphenylcarbazone; PAN; f ormaldoxime; pyrogallol red-AM; cesibor 
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tetraphenylborate; EuAc.sub.3 Eu.sub.2 O.sub.3 ; GdAc.sub.3 ; Gd (NO. sub. 3) . sub. 2 ; 
* y sincon; semiethylxylenol Blue; KAu (CN) . sub. 2 ; NaAuCl.sub.4 ; KAuCl.sub.4 ; 

KAuI.sub.4 ; 5- (p-dimethylaminobenzylidene) rhodamine; PAR; K.sub.3 IrCl.sub.6 ; 
Na.sub.3 IrCl.sub.6 ; SnCl.sub.2 -HBr ; leuco-crystal violet; PbAc.sub.2 ; 
PbCl.sub.2 ; Pb (NO . sub . 3 ) . sub . 2 ; MePbAc; TPPS; thorin; bibenzyl -14 -crown-4 ; 
phosphododecyl-14-crown4 ; TTD- 14 -crown-4; methyldodecyl- 12 -crown-4 ; 
dibenzothiazolylmethane; EtHgCl.sub.2 ; EtHgphosphate; Hg (CN).sub.2 ; 
EtHgthiosalicylate (thiomersal) ; mersalyl; PCMB; PHMB; PCMBS; PhEgAc; HgCl.sub.2 ; 
HgAc.sub.2 ; HgS0.sub.4 ; mercurochrome ; Baker's reagent (2Hg) ; 
tetrakismercuryacetate (TAM) (4Hg) ; STTA; thio -Michler 1 s ketone; di -alpha - 
napthaylthiocarbonate; sulfochlorophenol-S; TPAC; BPR; phenyl fluorone; Os 

(NH. sub. 3) .sub. 6 I. sub. 3 ; K.sub.2 OsCl.sub.6 ; K.sub.2 OsO.sub.4 ; tiron; K.sub.2 
PdCl.sub.4 ; K.sub.2 PdBr.sub.4 ; K.sub.2 Pdl.sub.4 ; PdCl.sub.2 ; Pd 

(NO. sub. 3) . sub. 2 ; BTAMB; 5-Br-PSAA; 5-Br-PAPS; thiooxine; p-nitroso- 
N # N f dimethylaniline; K.sub.2 PtCl.sub.4 ; K.sub.2 PtCl.sub.6 ; K.sub.2 Ptl.sub.6 ; 
K.sub.2 Pt (NO. sub. 2) .sub. 4 ; Pt (NH3) . sub. 2 CI. sub. 2 ; Pt (ethylenediamine) CI . sub . 1 ; 
K.sub.2 Pt(CN).sub.4 ; ReCl.sub.3 ; 2 -f urildioxime; dimethylglyoxime ; methylene 
blue; kalibor; TPTZ; 1 , 10 -phenanthroline ; SmAc.sub.3 ; Sm (NO . sub . 3 ) . sub . 3 ; 
SmCl.sub.4 ; 5 , 7-dichloro-oxine ; quinizarin; AgNO.sub.3 ; KAgCN.sub.2 ; 3,5-diBr- 
PADAP; 3 , 5-diBr-PAESA; 2 -amino- 6 -methyl thio-4 -pyrimidine-carboxylic acid; PC; 
dinitrosulfonazo-III; murexide; bismuthiol -2 ; diethydithiocarbamate ; malachite 
green; Th(NO.sub.3) .sub. 4 ; arsenazo-III ; morin; diantipyrylme thane; 0,0'- 
dihydroxyazobenzene; crystal violet; alizarin; Na.sub.2 WO. sub. 4 ; toluene-3,4- 
dithiol; UO.sub.2 Ac. sub. 2 ; K.sub.3 U0.sub.2 F.sub.5 ; UO.sub.2 (NO. sub . 3) . sub. 2 ; 
UO.sub.2 SO. sub. 4 ; TbCl.sub.3 ; YbAc . sub . 3 ; Zr (NO . sub . 3 ) . sub . 4 ; PV; TAN; and 
alizarin red S. 
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TITLE: Prodrugs for selective drug delivery 



Brief Summary Text (56) : 

Methods of synthesis of quaternary ammonium salt poly methines appear in Appendix 
V. 

Brief Summary Paragraph Table (2) : 

TABLE II Dye Name or Structure; CI Name and 

Number; Other Names Malachite Green 42 000 

Helvetia Green 42020 Basic Blue 1 42025 Brilliant Blue Setoglaucine Basic Green 1 
42040 Brilliant Green Acid Blue 1 42045 Xylene Blue VS Patent Blue V Alphazurine 2G 
Acid Blue 3 42051 Brilliant Blue V Patent Blue V Food Green 3 42053 FDC Green 3 
Acid Green 6 42075 Light Green SF Bluish Acid Blue 7 42080 Xylene Blue AS Patent 
Blue A Acid Green 3 42085 Acid Blue 9 42090 Erioglaucine Acid Green 5 42095 Light 
Green SF Yellowish Acid Green 9 42100 Erioviridene B Acid Blue 147 42135 Xylene 
Cyanol FF Basic Red 9 42500 Pararosaniline Basic Violet 14 42510 Fuchsin Magenta 
Basic Fuchsin 42510B Basic Violet 2 42520 New Fuchsin New Magenta Hoffman Violet 
42530 Iodine Violet Basic Violet 1 42535 Methyl Violet Basic Violet 13 42536 Methyl 
Violet 6B Basic Violet 3 42555 Crystal Violet Gentian Violet Iodine Green 42556 
Basic Blue 8 42563 Victoria Blue 4R Acid Blue 13 42571 Fast Acid Violet 10B Acid 
Blue 75 42576 Eriocyanine A Methyl Green 42585 Ethyl Green 42590 Basic Violet 4 
42600 Ethyl Violet Acid Violet 49 42640 Wool Violet 5BN Acid Blue 15 42645 
Brilliant Milling Blue B Acid Violet 17 42650 Acid Violet 6B Wool Violet 4BN Formyl 
Violet Acid Violet 5BS Cone. Acid Violet 19 42685 Acid Fuchsin Red Violet 5R 42690 
Acid Blue 22 42755 Aniline Blue Soluble Blue Solvent Blue 3 42775 Acid Blue 93 
42780 Methyl Blue Aurin 43800 Mordant Blue 3 43820 Eriochrome Cyanine R Acid Green 
16 44025 Naphthalene Green V Pontacyl Green NV Extra Basic Blue 11 44040 Victoria 
Blue R Basic Blue 15 44085 Night Blue Acid Green 50 44090 Wool Green S Kiton Green 
S Cone. Basic Green 3 Sevron Green B Brilliant Blue F & R Extra Brilliant Green 

Sulfonate Hexakis (hy droxy ethyl) 

Pararosaniline ##STR20## New Green ##STR21## Phenolphthalein ##STR22## Malachite 
Green Ethiodide ##STR23## Hydroxyalkylated Pararosanilines ##STR24## 
Hydroxyalkylated New Fuchsins ##STR25## New Yellow ##STR26## Doebner' s Violet 
##STR27## New Red ##STR28## Bis (hydroxy ethyl) Doebner » s Violet ##STR29## "New 
Magenta" ##STR30## Tetrakis (hydroxyethyl) Doebner' s Violet ##STR31## Trichloro 
Crystal Violet ##STR32## Slow Red ##STR33## ##STR34## ##STR35## ##STR36## ##STR37## 
##STR38## ##STR39## ##STR40## ##STR41## ##STR42## ##STR43## ##STR44## ##STR45## 

##STR46## Only the cyanide, bisulfite, and 

hydroxide ions are considered, regardless of the other anions present in the 
solution. More detailed descriptions of the compositions of photochromic materials 
tested are given in Macnair's review [255; tables 1A-4] . Ethanol . Diethyl ether. 
1, 2-Dichloroethane . 1, 1-Dichloroethane, cyclohexane-1 , 1-dichloroethane , or 
cyclohexane-1, 2 -dichloroethane mixtures. Benzene. Dimethylsulf oxide, neat and 
aqueous. Acetone. Acetic acid. Ethyl acetate. Ethyl bromide. 2 -Methoxyethanol . 
Chloroform. Ethanol with KCN. Ethanol with KOH. Carboxylic acids --acetic to 
stearic; hydrocinnamic acid; ethyl and butyl acid phthalates. Octadecylnitrile, 
tributyl phosphate, aniline, 2 - (p-tert-butyl- phenoxy) ethanol , tetraethyleneglycol 
dimethyl ether, or poly (ethylene glycols) . Amides- -formamide to stearamide; 
methylformamide or methyl- acetamide; dimethyl- or diethyl -formamide or acetamide. 
Three-to-one solutions of cellulose acetate with any of the following five-to-one 
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plasticizer mixtures: Polyethylene Glycol butyl stearate, Polyethylene Glycol 600- 
butyl acetoxy- butyl stearate, or Dowanol EP-butyl acetoxystearate . Water 
containing SO. sub. 2. Water containing bisulfite and papain. Poly (vinyl alcohol) 
with dimethylsulf oxide (5:1). Films, containing residual solvent, cast from the 
following solutions: ethanol -acetone solutions of vinyl acetate-vinyl alcohol 
copolymer; aqueous poly (vinyl alcohol); aqueous poly (vinyl pyr- rolidone) ; or 
aqueous methyl vinylether-maleic acid copolymer. Methanol -dioxane with aqueous with 
aqueous NH.sub.4 HSO.sub.3. Paper impregnated with a toluene solution of poly 
(methyl methacrylate) , stearic acid, and 2- (p-tert-butylphenoxy) ethanol , then 
dried. Intramicellar impregnation of cellulose with the following swelling agents: 
n-propylamine, n-butylamine, n-hexylamine, 2-aminoethanol, dimethylformamide, 
acetic acid, dimethyl- sulfoxide, methylacetamide, dimethylacetamide, or formamide. 
Films cast from an approximately 4:3 mixture of a 20% solution of cellulose acetate 
butyrate in toluene-ethyl acetate (1:1) and triallycyanurate in dioxane. Films cast 
from a 2:1 mixture of a 25% solution of cellulose acetate butyrate in toluene-ethyl 
acetate (1:1) and the titanium esters of N, N, N ' , N ' -tetrakis (2 -hydroxypropyl) 
ethylenediamine . Pure water. Films cast from aqueous gelatin or other 
hydrocolloids . Dimethylsulf oxide with methanolic KCN. 2 -Met hoxy ethanol with 
methanolic KCN. Water or aqueous methanol containing bisulfite. Paper impregnated 
with m-dimethoxybenzene, acetonitrile, acetonitrile, acetic acid, or phenyl methyl 
carbinol . Ethanol -benzene . Aqueous ethanol, methanol, aqueous methanol, aqueous 
acetone, benzene-methanol , carbon tetrachloride -methanol , cyclohexane- methanol, or 
chlorof orm-methanol . Films cast from 3:1 solutions of cellulose acetate and either 
Polyethylene Glycol 600 . RTM . or ethylene glycol phenyl ether as plasticizer. 
Films, containing residual solvent, cast from solutions of either cellulose acetate 
in 2-methoxyethanol or poly (vinyl alcohol) in aqueous ethanol. Films, containing 
residual solvent, cast from solutions of either cellulose acetate butyrate in 2- 
methoxyethanol or poly (vinyl acetate) in methanol. Ethanol containing ammonia . 
Aqueous methanol containing NH.sub.4 HSO.sub.3 and urease. Aqueous methanol 
containing NH.sub.4 HSO.sub.3, with or without sodium dithionite. Aqueous acid at 
pH 1. Aqueous ammonia containing KCN. Paper impregnated with aqueous solutions with 
or without hydro- colloids. 2 -Met hoxy ethanol containing HC1 . Aqueous methanol 
containing NH.sub.4 HSO.sub.3, and glucose oxidase. 9:1 Methanol -water . Aqueous 
NaOH. ##STR47## 

Brief Summary Paragraph Table (3) : 



Photochromic Polymethine Dyes 

.alpha., 

.omega. -bis (p-Dimethylaminophenyl) polyenes Ar n 

C . sub . 6 

H.sub.5 0, 1, 2 4- (CH. sub. 3) .sub. 2 NC.sub.6 H.sub.4 0, 1, 2 4 - (CH . sub . 3 ) . sub . 2 
CHC.sub.6 H.sub.4 0, 1, 2, 3, 4 4-CH.sub.3 OC.sub.6 H.sub.4 0, 1, 2 4-C.sub.4 
H.sub.9 OC.sub.6 H.sub.4 0, 1, 2 3-CH.sub.3 C.sub.6 H.sub.4 1, 2 4-t-C.sub.4 
H.sub.9 C.sub.6 H.sub.4 1, 2 4-C.sub.2 H.sub.5 OC.sub.6 H.sub.4 1, 2 4-C.sub.5 
H. sub. 11 C.sub.6 H.sub.4 1, 2 4-FC.sub.6 H.sub.4 1 4-F.sub.3 CC.sub.6 H.sub.4 1 2- 
(C.sub.6 H.sub.5) . sub. 2 NC.sub.6 H.sub.4 1 3, 4 -H. sub. 2 N (OCH. sub. 3) C. sub. 6 H.sub.3 
1 2-Naphthyl 1, 2 4-ClC.sub.6 H.sub.4 2 2,4-Cl.sub.2 C.sub.6 H.sub.3 2 1-Naphthyl 2 

. alpha . , 

.alpha, -bis (p-dimethylaminophenyl) polyenes ##STR48## R R 



##STR49## ##STR50## ##STR51## ##STR52## ##STR53## ##STR54## ##STR55## ##STR56## 
##STR57## ##STR58## ##STR59## ##STR60## ##STR61## ##STR62## 



Miscellaneous polyenes ##STR63## ##STR64## ##STR65## ##STR66## ##STR67## ##STR68## 
##STR69## ##STR70## ##STR71## ##STR72## ##STR73## ##STR74## ##STR75## ##STR76## 
##STR77## ##STR78## ##STR79## ##STR80## ##STR81## ##STR82## ##STR83## ##STR84## 
##STR85## ##STR86## ##STR87## ##STR88## ##STR89## ##STR90## ##STR91## ##STR92## 
##STR93## ##STR94## ##STR95## ##STR96## ##STR97## ##STR98## SALT -ISOMERISM TYPE 
PHOTOTROPIC DYES Night Blue ##STR99## Victoria Blue R ##STR100## Brilliant Milling 
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Blue B Brilliant Blue F & R Ex. Eriocyanine A ##STR101## Methyl Blue ##STR102## 
Aniline Blue ##STR103## Eriochrome Cyanine R ##STR104## Methyl Violet 6B ##STR105## 
Iodine Green ##STR106## Aniline Blue ##STR107## Wool Violet 5 BN ##STR108## Wool 
Violet 4 EM ##STR109## Light Green SF Yellowish ##STR110## Iodine Violet ##STR111## 
Methyl Violet ##STR112## Crystal Violet ##STR113## Ethyl Violet ##STR114## Acid 
Green L Extra ##STR115## Erioviridine B ##STR116## Light Green SF ##STR117## 
Victoria Green (Malachite Green) ##STR118## Red-Violet 5R ##STR119## Brilliant 
Green "B" ##STR120## Di- [4 (N, N-diethylamine) phenyl] - [4- (N, N-diethyl- amine-2- 
methyl) phenyl] methyl carbonium ##STR121## Tri- [4 (N,N-dipropylamino) phenyl] methyl 
carbonium ##STR122## Di - [4 (N, N-diethylamino) phenyl] - [4 (ethylamino) - phenyl] methyl 
carbonium ##STR123## Di- [4 (N, N-diethylamino) phenyl] - [4 (N,N-diethyl- amino) naphthyl] 
methyl carbonium ##STR124## Di- [4 (N, N-dimethylamino) phenyl] - [4 (hydroxy) phenyl] 
methyl carbonium ##STR125## Tri- [4 (N-propylamino) phenyl] methyl carbonium 
##STR126## Hectolene Blue DS-1398 Hectolene Blue DS-1823 Sevron Brilliant Red 4G 
Di- [4 (N, N-dimethylamino) phenyl] - [4 (hydroxy) phenyl] methyl carbonium ##STR127## Tri- 
[4 (N-propylamino) phenyl] methyl carbonium ##STR128## Hectolene Blue DS-1398 
Hectolene Blue DS-1823 Sevron Brilliant Red 4G Genacryl Red 6B Genacryl Pink G 
Sevron Brilliant - Red B Sevron Brilliant - Red 3B 1 , 5-bis- [4 (N, N-dimethylamino) 
phenyl] -1, 5-bis- (phenyl) divinyl carbonium trif luoroacetate ##STR129## 1,1,3,3- 
tetrakis [4 (N, N-dimethylamino) phenyl] vinyl carbonium perchlorate ##STR130## 1,5- 
bis- [4 (N, N-dimethylamino) phenyl] -1, 5-bis- (phenyl) divinyl carbonium p- 
toluenesulfonate ##STR131## 1, 7-bis- [4 (N, N-dimethylamino) phenyl] -1, 7-bis- (2,4- 
dichlorophenyl) trivinyl carbonium perchlorate ##STR132## Di- [4 (N, N-dimethylamino) 
phenyl vinyl] - [2 , 4-di- phenyl -6 -methane thiopyran] methyl carbonium perchlorate 
##STR133## 1, 7-bis- [4- (N, N-dimethylamino) phenyl] -1, 7-bis- (4-chlorophenyl) trivinyl 
carbonium trif luoroacetate ##STR134## 1 , 1 , 3 -tris- [4 - (N, N-dimethylamino) phenyl] 
divinyl carbonium perchlorate ##STR135## 1 , 1 , 7 , 7-tetrakis- [4 - (N, N-dimethylamino) 
phenyl] trivinyl carbonium perchlorate ##STR136## 1 , 3 -bis- [4 - (N, N-dimethylamino) 
phenyl] -1, 3 -bis- (phenyl) vinyl carbonium perchlorate ##STR137## 1, 1, 5, 5-tetrakis- 
[4- (N, N-dimethylamino) phenyl] divinyl carbonium perchlorate ##STR138## 1, 5-bis- [4- 
(N, N-dimethylamino) phenyl] -1, 5-bis- (phenyl) divinyl carbonium perchlorate 
##STR139## 1, 7-bis- [4- (N, N-dimethylamino) phenyl] -1, 7-bis- (phenyl) trivinyl 
carbonium trif luoroacetate ##STR140## 1 (1, 3 , 3-trimethyl indoline) -2- [4- (N,N- 
dimethyl- amino) phenyl] ethylene carbonium perchlorate ##STR141## 1 (1, 3 , 3 -trimethyl 
indoline) -4- [4- (N, N-dimethyl- amino) phenyl] butylene carbonium perchlorate 
##STR142## 1, 1, 3, 3-tetrakis- [4 (N, N-diethylamino) phenyl] vinyl carbonium perchlorate 
##STR143## l,l-bis-[ 4- (N, N-diethylamino) phenyl] -3, 3 -bis- [4 - (N, N-dimethylamino) 
phenyl] vinyl carbonium perchlorate ##STR144## 1,1,5, 5 -tetrakis - [4 - (N, N- 
diethylamino) phenyl] divinyl carbonium perchlorate ##STR145## 1 , 1-bis- [4- (N, N- 
dimethylamino) phenyl] -3- [4- (amino) phenyl] -3 -methylvinyl carbonium perchlorate 
##STR146## Tris- [1, 1-bis- [4 (N, N-dimethylamino) phenyl] ethylene] methyl carbonium 
perchlorate ##STR147## Tris- [1, 1-bis- [4- (N, N-diethylamino) phenyl] ethylene] methyl 
carbonium perchlorate ##STR148## 1 , 1 , 5 -tris- [4 - (N, N-dimethylamino) phenyl] divinyl 
carbonium perchlorate ##STR149## N [4- (N, N-dimethylamino) cinnamylidene] auramine 
##STR150## 1, 1-bis- [4- (N, N-dimethylamino) phenyl-3 , 4 -bis- (phenyl) ] -3,4-diazo butene 
carbonium ##STR151## 1, 1, 5, 5-tetrakis- [4- (N, N-dimethylamino) phenyl] - 2,3-diazo 
pentene carbonium ##STR152## N- (N 1 ,N ■ -dimethylamino cinnamylidene) -N, N-diphenyl 
ammonium ##STR153## Azo Polymethines Dyes of the general structural type ##STR154## 
##STR155## ##STR156## Photochromic diazopolymethines 

Detailed Description Text (148) : 
Method A. Michler 1 s Ketone Method 

Detailed Description Text (149) : 

To equal molar quantities of a p-amino benzophenone or di- (p-amino) benzophenone 
( Michler 's type ketones) and aromatic amines, such as anilines and naphthyl amines, 
sufficient toluene -phosphorous oxychloride solution is added (3-5) to dissolve the 
reactants at 50. degree. C. The temperature is raised to 80. degree. C. and the 
solution is stirred for approximately 45 minutes or until the mass becomes very . 
viscous. The sample is cooled and 10 ml of water added for each ml of phosphorous 
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oxychloride used, and heated to boiling. The solution is cooled and treated with 6N 
sodium hydroxide solution until the pH is 8 or more. The sample is steam-distilled 
to removed the last trace of any toluene or steam volatile unreacted amine. It is 
cooled and the aqueous phase poured off. The organic phase is dissolved in hot 
methanol-acetic acid (1:1) solution. The sodium salt of the anion for the dye form 
desired is then added. The sample is cooled and ether added slowly, while stirring 
to effect crystallization of dye. 

Detailed Description Text (151) : 
Method B. Michler 1 s Hydrol Method 

Detailed Description Text (153) : 

Triphenylmethane type compounds may be produced by the condensation of a diphenyl 
substituted secondary alcohol and an aromatic ring. The secondary alcohol is of a 
type called Michler 1 s hydrol of the general type formula: ##STR237## which is 
produced by the controlled reduction of the corresponding ketone with sodium 
amalgam in alcohol as a solvent. The hydrol is separated from an alcohol-water 
mixture, dried, and stored in a vacuum dessicator. 

Detailed Description Text (196) : 

Sixty ml of a 3 molar etherial solution of methyl magnesium bromide was evaporated 
almost to dryness under reduced pressure in a 500 ml three-necked flask equipped 
with thermometer and nitrogen sparger. The grey moist residue was suspended in 75 
ml of dry benzene. The flask was then equipped for refluxing by the addition of a 
condenser fitted with a CaCl.sub.2 drying tube and an addition funnel. A 0.1 mole 
portion of the ketone dissolved in 250 ml of boiling benzene was then placed in the 
addition funnel and added dropwise to the warmed methyl magnesium bromide -benzene 
slurry over a half -hour period. The resulting reddish solution was refluxed for 
three hours. The termination of the reaction was indicated by the fading of the 
initial reddish color to a pale yellow. The reaction mixture was then cooled to 
room temperature and cautiously treated with 45 ml of saturated ammonium chloride 
solution. This mixture was filtered and the filtrate boiled with 0.1 g of p- 
toluenesulphonic acid until the evolution of water was completed. The acid 
contained in the reaction mixture was then removed by the addition of 0 . 5 g of 
sodium bicarbonate. The volume was reduced to one half by evaporation under reduced 
pressure. Five hundred ml of dry ethanol was added to the remaining solution, which 
was then allowed to cool with the subsequent precipitation of the ethylene 
compound. The precipitate was filtered, washed with 50 ml ice cold ethanol, and the 
crystals dried in a vacuum oven. Yield: 86 percent of theory: melting point 
101. degree. -102. degree. C. 

Detailed Description Text (217) : 

The position of the --N--N-- group in the carbon chain may be changed to occupy the 
1 and 2 positions, as well as the above shown 2 and 3 positions, by using a 
secondary amine in place of B in the above series of reactions. With nitrogen atoms 
in the 1 and 2 positions, the 1 position nitrogen becomes a quaternary ammonium 
atom in one of the resonance states of the molecule. 

Detailed Description Text (220) : 
Quaternary Ammonium Salt Polymethines 

Detailed Description Text (221) : 

Three dyes of the type ##STR2 72## were prepared and tested for phototropy. 
##STR273## N- (p-dimethylamino cinnamylidine) -N, N-diphenyl ammonium proved to be 
phototropic but broke down rapidly under ultraviolet light ##STR274## N- (p- 
dimethylamino cinnamylidine) -N,N-diethanol ammonium, and ##STR275## N- (p-dimethyl 
amino cinnamylidine) N, N-di -4 (N, N-dimethylamino) phenyl ammonium were not 
phototropic . 

Detailed Description Text (231) : 
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Methyl magnesium bromide in ethyl ether is placed into a round bottom flask 
equipped with a condenser and an addition funnel. The ether is distilled off, and 
the methyl magnesium bromide then taken up with anhydrous benzene. A ketone is 
dissolved in anhydrous benzene and added dropwise to the Grignard reagent with 
continuous heating. After the addition is completed, the mixture is refluxed for 
three more hours. After cooling, sufficient ammonium chloride solution (saturated 
aqueous solution) is very carefully added in order to dissolve any free magnesium. 
The Grignard complex is decomposed with hydrochloric acid. After decomposition of 
the complex is complete, the solution is allowed to come to room temperature. After 
making sure the solution is alkaline to phenolphthalein, the benzene solution is 
decanted off of the solids. The solids are washed with two 50-ml positions of ether 
and the washings combined with the benzene solution. The ether-benzene solution is 
dried over anhydrous sodium sulfate. 
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AHeiiKOM npoConoflroTOBKM. 2 un. 



(pad 




O 



CM 

o> 

00 



o 



-1- 



O 

00 

en 
to 
ro 




(19) RU (11) 



(51) Int. CIJ 



2 085 927 

G 01 N 27/413 



(13) 



C1 



RUSSIAN AGENCY 
FOR PATENTS AND TRADEMARKS 

< 12 > ABSTRACT OF INVENTION 



(21), (22) Application: 95107034/25, 12.05.1995 


(71) 


Applicant: 


(46) Date of publication: 27.07.1997 




Sankt-Peterburgskij gosudarstvennyj 




tekhnologicheskij institut (tekh niches kij universitet) 




(72) 


Inventor: Dzhagatspanjan I. Eh., 






Jakovlev V.I., Safbnova N.V.. Zhebrun A.B., Krug 






P.G., ZhitKov A.N. 




(73) 


Proprietor: 






Sankt-Peterburgskij gosudarstvennyj 






tekhnologicheskij institut (tekh niches kij universitet) 



o 

CM 
O 
IO 
00 

o 
r 1 
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(57) Abstract: 

FIELD: measurement technology. 
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measuring electrode, comparison electrode, 
mixer, and sample feeder in the form of 
bubbling device connected to sample 
preparation cell. EFFECT: improved design. 2 
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H306p8T8HH8 OTHOCHTCfl K M3MepHT8JlbH0fl 
T8XHHK8 M MOK8T 6blTb MCn0J1b30BaH0 B 
XMMMHeCKMX H MeAMKO-OHOTlOrMMeCKHX 

aHa/iH3aTOpax Ana KOHTponn Koni4eHTpaunn 
aMMwaxa b xhakmx m ra30Bbtx cpeAax. 

Han6onee 6jih3Kmm no cymHOCTM k 
npeAnaraeMOMy H3o6pereHHio h Bw6paHHbJM 3a 

npOTOTHfl flBfifleTCfl AaTHHK aMMHaKa 0HpMbl 

"OpuoH" (MOAenb 95-10), npviHi^nnnajibHafl 
cxeMa KOToporo npuBeAeHa a KHura 

("CnpaB0MH08 pyKOBOACTBO no npHMSHeHHJO 

MOHOceneKTHBHbix anexTponoB: riep. c aHrn.-M. 
Map, 1986, c.21-23). 

3tot astmmk npeAcraanfleT cooofl 
MSMepviT&nbHyK) HHei^Ky, b cocraB kotodoH 
BXOA&T ABa sneKTpOAa (pH-H3MepHTejibHbi& h 
sneicrpoA cpaBHSHMfl) h y3en nocTyrmeHns 
npo6bi nepes ra3onpoHMMaeMyio MeM6paHy. 

HeAOCTaTKaMM npoTOTuna RBnaioTCfr. 

H6AOCTaTOMHaJ1 MyBCTBMTenbHOCTb 

(AnanasoH onpeAe/ieHHA 10" 6 - 10" 1 MO^b/n); 

BbicoKan HHBpL^MOHHOCTb npn nepexoAB ot 
MSMepeHHfl b npo6ax c bwcokhmh 

KOHHeHTpai^HflMM aMMHaiO K H3MepeHHflM B 

npo6ax c hh3kmmh boom* OTKnMKa no ypoBHio ot 
0,95 ao 5 mhh: 

HeAOCTOBepMOCTb onpeAeneHHrt 
KOHueHTpai^nn aMMHaKa b rasoewx npooax c 

HM3KOfl BnaKHOCTbK) M B BOAHblX paCTBOpaX, 

coAep^caiUMx oprammecKHe BemecTBa. 

3aAaMeB, KOTOpyio pewaeT H3o6peTeHHe, 

flBJIHSTCfl yC0B6pliJ6HCTB0BaHM8 KOHCTpyKL^MH 

AaTMMKa Ana ysenuMSHUfl MyBCTBMTenbHOCTM 

ABTMVIKa, CHHWeHHfl MHepUMOHHOCTM M 

o6ecneneHHfl aoctob8phoctm onpeAeneHun 
KOHLjeHTpaijHM aMMHaKa b rasoBbix cpeAax c 
pa3nnMHO« BiiaxHOCTbio h b )kmakhx cpeAax, 
ooAepKaiuMX opraHHnecKHe Bein&cTBa. 

CyiAHOCTb M306peT8HMfl CBOAHTCfl K 

cneAytomeMy. 

flaTMMK Ann onpeAeneHHJi KOHi^eHTpai^Mn 
aMMnaKa b jkhakhx h rasoBbix cpeAax 
Aono/iHkiTenbHO coAepjKHT 6ap6oTHpyhomee 

yCTDOflCTBO, COeAHH8HHOe C HHefiKOH* 

npooonoAToroBKM, h nepeMeiunBatoinee 

yCTpofiCTBO. 3n8KTpOnHT0M A8THHK3 CJiy>KHT 
MUKpOMOnnpHblW pacTBop NH4CI. 

Ha (J>hM n3o6psuK6Ha 6noK-cxeMa AaTMHKa; 
Ha <pur 2. npeACTaBneHa cyii^HOCTb pa6oTbi 
n3MepnTeribHOM nneMKM. 

flaTMHK COA8p)KVIT PHetfKy npooonoATOTOBKH 

1 h M3MepnTenbHyK> HHeflKy 2. MsMepMTenbHaa 
flMeRKa 2 coeAHHSHa c TpyoonposoAOM 3, Ha 
KOTOpOM pacnonojKeHbi BoaflywHbiH' Hacoc 4 h 
KpaH 5. KpaH 5 coeAVtHfleT TpyoonpOBOA 3 c 
TpyAonpOBOAOM 6, cooo"maK>mHMCfl c BOSAyxow, 
m Tpy6onpOBOAOM 7, cooemaioLmiMCfl c jmeflKofl 
n po6onoATOTo bkh 1 . 

HaMepMTenbHan nneMxa coctoht H3 
pH-n3MepnTe/ibHoro aneiapOAa 1, aneiapoAa 
cpaBHeHMB 2, 6ap6oTnpyioiJ4ero ycTpoflcTBa 3 h 
nepewieiuMBaiomero ycrpoMCTBa 4. 

npuHmin pa6oTbi M3MepuTe/ibHofl HMeflKH 
(0nr.2) ocHOBaH Ha perncTpai^nn H3MeHeHMfl pH 
aneiaponMTa nocne pacTBopeHna b HeM 
aMMnaKa. Ammh3k noAaeTcn napes 
6ap6oTMpyK)LAee ycrpoCtcTBO 3, pacnonorceHHoe 
B BepXHe^ nacTM M3MepHTenbHoA sweftKM. 
PaboTy nep8M8UJMBaioinero n 6ap6oTMpyjoinero 

yCTDOflCTB OOecneMMBaiOT MHTeHCMBHUW 

Maccoo6M8H aMMnaica h era 6bicTpoe 
pacTBopeHne b anejaponnTe. 3neicrponMT c 
pacTBOpeHHbiM aMMnaKOM AucfxtyHAMpyeT via 

B8pXH8fl B HMJKHhOK) MaCTb M3M8pMT8nbHOfl 

fweflKM, TAe pacnonoxeHbi pH-M3MepMTenbHbiR 
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aneKTpoA 1 u aneiapoA cpaBH8Hvin 2. 

3n8KTp0nHT0M Cny>KMT MklKpOMOilPpHblVl BOAHbl« 

pacTBop NH4CI. PaaHOCTb noTeHi^wanoB Me)wy 
aneKTpoAaMM 1 m 2 nponopuwoHanbHa pH 
3neKTponnTa. H3M8H8HM8 pH aneKTponMTa 
nponopijuoHaxibHo norapvi^My KOHi^eHTpai^MH 
aMMHatca. 

flaTMHK paooTaeT cneAyioiAMM 06 pa 30 m 
(c*)Mr.1). 

1. l/l3MepeHne b khakoctrx. )KnAKan npooa 

nOM8lAa8TCP 8 HM6«Ky 1 , B KOTODOH HaXOAHTCfl 

pacTBop NaOH win KOH c pH He M8H88 12. 
AMMuaic, coAepxcaiAkiRcn b npooe b bmas mohob 
aMMOHun (NH 4 *) noA as^ctbucm mertoMn 
nepexoAMT b ra3oayio 0a3y (NH 3 ) u 
HaKarrnnBaeTCp b BepxHeA MacTn nnev\w\ 1. KpaH 
5 nep8B8A8H b nonoxceHHd, coeAviHsiioiAee 
TpyoonpoBOA 3 c TpyoonpoBOAOM 7. Ammh3k via 
flneflKvi 1 HameTaeTcn BosAyujHbiM nacocoM 4 
Mepe3 TpyoonpOBOAW 7 m 3 b M3MepHTenbHyio 
HMeflKy 2. 

2. M3MepeHne a ra3ax. ra30o6pa3Hbi« 
aMMuaic HarHeTaeTCfl B03AyiuHbiM HacocoM 4 
Mepe3 TpyoonpoBOAbi 6 m 3 b M3MepnTenbHyio 
nneflKy 2. KpaH 5 nepeB8A8H 8 nonojK8HM8, 
coeAUHflioinee TpyoonpoBOA 6 c 
TpyoonposoAOM 3. 

ra30o6pa3Hbifl aMMnaK, oapooTvipyncb b 

BepXHhOK) HaCTb kl3M8pMT8nbHOA flHev^KVI, 

pacTBOpneTcn b aneiaponkiTe. 3neKTponnTOM 
cny)«CMT MMKpoMonjipHbifl pacTBop NH 4 C1. 
BcneACTBue 6ap6oTaxa m paooTbi 
nepeMeujMBaioiuero ycTpoHcTBa cKopocTb 
pacTBopeHHA aMMnaxa Bbiiue ckodoctm 
Anc|x|)y3MM aMMnaKa b HenoABvixonoA cpeAe b 
10 5 pa3. 3thm o6ecneHMBaeTcfl HH3Ka« 
viHepi^HOHHOCTb AaTMHKa. llpeBpaiAeHUfl 
aMMHaKa onucwBaiOTCfl ypaBHeHneM 
TeHAepcoHa- raccenb6axa: 

lg(NH47NH 3 ) = pH-pK(1) 

TAB NH4 M NH3 KOHL^QHTpaL^HM HOHHOO M 

ra3OB0fl <|x)pM aMMnaio, pK - KOHCTaHTa 
Anccoi^nai^Mn aMMHaKa, npn6nn>KeHHO paBHan 9. 
(locKonbKy pH MUKpOMonnpHoro pacTBopa 

NH 4 CI HVDK8 9, TO no ypaBH8HHK) 1 8MMH3K B 

anenTponHTe HaxoAHTcn b bhas mohob 

NH^ l~lpviM8H8Hvie b KaMecTBe ajieKTponwTa 
HM3KOMonJipHoro pacTBopa NH 4 CI (10" 6 ) 
yBenMHHBaeT nyBCTBHTenbHOCTb AaTMMKa ao 
1 0 "° Monb/n. nepeMeujHBaioiAee ycTpoflcTso 
ooecneHHBaeT ycTof^MUByjo paooTy 
pH-nsMepme/ibHoro anexrpoAa h sneicrpoAa 
cpaBHeHHA. rioABOA aMMuaica b H3MepMTenbHyio 
flHeWKy 6ap6oTaw<eM, a He c noMombK) 
caMOAMc|xt)y3HM Mep83 ra3onpOHM4a8Myjo 
M8M6paHy, no3BonneT AOCTOBepHO onpeAenflTb 
KOHL^eHTpaunK) aMMHaKa h b ra3ax c paannHHo« 
anaxHocTbK), m b >kwakocthx, C0A8p)KaiAMX 
opraHMMecKvie BeiAecTBa. 

npenMyu;ecTBaMn npeAnaraeMoro 
ycTpoflcTBa nanfliOTCfl: 

Bbicoican MyBCTBMTenbHocTb (Anana3QH 
onpeAeneHHfl 10" s 10" 1 Monb/n); 

HH3Kafl HHepUHOHHOCTb (BDeMH OTKJIMKa no 

ypoBHio 0,95 He 6onee 2 mhh Ha bosm 
AHana30He KOHt46Hrpai4MH); 

AOCTO&epHOCTb onpeAaneHHR KOHueHTpaunn 
aMMnaica b ra30&bix npooax c paanHMHo^ 

BJiaXHOCTbK) H B BOAHblX paCTBOpaX, 

coAQp>*<amHx opraHHHecKvte BeiAecTBa 

(HanpHMSp 6HQnorMM8CKMX )KHAKOCTHX). 
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(DopMyna M3o6peTeHkm: 

flarMMK Ann onpeAe/ieHnq KOHueHTpauuu 
aMMnaica b khakmx h ra30Bbix cpe^ax, 
coAepKai^M^ aweflKy npo6onoATOT08Kvi n 
MSMepkiTe/ibHyio HMeflKy c pH-n3MepnTenbHbiM 

3/ieKTpOflOM, SJieKTpQADM CpaBHeHMH M ySJIOM 



noABOfla npo6bi, OTJivmaioinwHcfl tbm, hto yse/i 
noABOAa npo6bt Bbino/iH8H b bkaq 
6ap6oTnpyjoii^ero ycTpoficTBa, coeAMHeHHoro c 
flneflKofl npo6onoAT0T0BKM, a BHyTpn 
H3M6pidTGnbHoCt amqRkm pacno/ioweHO 
nepeMeujuBatoiuee ycrpovicTBO. 
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© Analysegerat 

© Bei einem bekannten automatisch arbeitenden Analy- 
segerat zur Konzentrationsbeestimmung solcher Be- 
standteile in einer Flussigkeit, die bei Zusammentreffen 
mit einer Testsubstanz einen Farbumschlag ergeben, ist 
fur jede Testsubstanz ein getrennter Testbehalter vorge- 
sehen, in den jeweils die Testsubstanz und die zu testende 
Flussigkeit eingebracht und der resultierende Farbum- 
schlag photometrisch ausgewertet wird. Durch die Viel- 
zahl der Testbehalter ist der mechanische und elektroni- 
sche Gerateaufbau kompliziert und teuer. Aufgabe der Er- 
findung ist die Schaffung eines neuen, einfachen und ko- 
stengunstigeren Analysegerates. 
ErfindungsgemafS ist ein einziger Testbehalter (4) sowie 
ein zentrales Steuergerat (11) zur Steuerung der Testbe- 
halterbefullung vorgesehen, wobei zur Konzentrationsbe- 
stimmung eines erst en Bestandteiles der Testbehalter (4) 
mit der zu testenden Flussigkeit und der betreffenden 
Testsubstanz (33) befullt und nach photometrischer Farb- 
. umschlagsauswertung (9a, 9b) entleert wird. Oann wer- 
den zur Konzentrationsbestimmung weiterer Bestandteile 
* die genannten Schritte mit den entsprechenden Testsub- 
stanzen (34) und zu testenden Flussigkeiten in analoger 
Weise wiederhoit. 

Das Analysegerat dient speziell zur Konzentrationsbe- 
stimmung von schadlichen Bestandteilen in Fischzucht- 
teichen oder Klaranlagen. 
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©IBB 

I. UK* * * K RftiKott KB ft* 
Sit * rgfc Lft*tt«»*ail3*» Kf*# 

ai8«©K#*#.x©3a©*r**©a**fl;tti 

© «Kfc«««fb*»W ttTttw t» *©sa 
©tt* T ^*^T«flC»C»jr^* t t 

•Thr-y * •= y »*ffco 

mm** *-ffi*BsziD-r ***>©*«, tire 

NO«fl^**»aoU*a©K##**aD-c 

»:»«©*# #*-tLtRJ6»*aa Lt 7^ 
*«7flMkKfcO**7L*K«#«*©8a©# 
W^JC S 6©*fcttta*;tJC X J> *K- 
(U 
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• ffcfc»tf»t©tt»ffi7JfcT:>-«>^*fctt?M 

«tti7y*=7i«»<ii»ao 
»w©R>ia*R5g 

arc*io «rc*a»*r**©H* r*Mtto*7x 

2^X«ffi!ftl>ii«fT-r4tC^XA/t»fttt«© 
IPteiBXifkHJtfilTNO, t*T ) <D# 

KtOt«»15£t4»ft ( WT7 *T«5B 

N 0. or x * « T ( «T N H, t*-f)«Jc 
ttfC>W-c«lWBU5OttN0„ Bfc^RJC* 



V* 0 £©**>, NO. oNH, «7cgK*^-Ctt 

jnti^io (DfflMEft. «)>( y K7x^-* 
CfKtt*f*©i*« NH, Asi oo 

(sm tfKtf'ffi < ffi** Ia 0 WtfNH, 

tiNH, 35cfeK*tt*NH, ««©*«»«? 

titHBU. NOiNO, ' 

*frt^ NO^NO, X^tffitfNO,(NO 
+ NO, J NH, **fCRlBl 
NO t NH, ^tl*^«i*^fCRjC^4©tPI 

3 f>K_hE©NO£ NHi ©1*^*11**© 
t4H£aK*#L* 2«aK0-lOOO0Oh-» 

©MTSS*WK:*f7-f*t±*»BL-cna 0 

£©Jt5KNO(%L<ttNO, ) t N H , .© 
K£tt % NH, i*^fCWUNOi*>uiKlEU 
■t© RfcUffiMiSK 0 MOOOOO" • h"« ©MTft 
/tttK£ttS*««caifj-r*/t*> % NOrfiNH, 

NH, IKK« t i»C » * 0 *5B«ttt©A 
&T*»9!tBlCiOT»IICR!9ti. 



kffiffl:rs«tfK*^##tf*©f&#fc£tt*^ 
NH, att»JW««©BB5B^H t fti, 

* *6 §8 tt\ _hE©fi*fC£Jl-Cfca##*©T 

a-r* K«a*^*##.*©»» u>nh, 

*5SK©««£-r* t t *>tt* NH, i NO, 
t^tf^^tNH, *NO, ic 1 bfflMfc-J-iftft 
A*KtC&Aft£j£5.frt -t © SB tfc © NO, 
ItMStNO, OSCfktNH, «KfCSC»^i 

nh, turns * LfcArce *o 

-«rcNH, 4 N OofiJCttdJ^ -C^3fi4 X 
3NO+2NH, -§N. + O u> 
#H6««fl:»t£lS»it4«lttJ:toN'0 4 

nh, to6iKfcmaKi*mLftt8a x 

TTttNH, i*^tc«LNOi**<JRii;t4 

, " -«*• Ml i 

K*A«ft4^ Jfe*T©JHKfc«©iftftij0*fT *fc 
II.* o 

(1) K»yf^01itt t 1**P»8 BT»Sl«ni 
« L*tfc** )■ * * 7 a TKr£3 « *- 

frffift- ( #TN O, > - * ) i I nKm^f^X 
N 0, nmf&Stih o 

«tttNO^'<y^^') # N O j* ^ y if x ' # r 

i o&b = -y b*a u-c— e« 

«»a*ft, NH, t N O. ©Kfc©**&-h© 
NO, A K & 

«• «J O 8 b % * h ? f 7 7 b , » — K 
8 c, #^9btgtNO, / ± i ibr 

# «f» © NO, ]0i fid g % ti z> o 



fifctf 3 * KICKS tilt to* 4 K tVXK&fii 

stt?*f)ft4. -toa, » m e a c*j.?s> 

^ 7 c - - K 8 d , # ;/ 9 cfrfit 

NO, / i i cTRJEftlCflStiNO, 
# «3 g 3 n * 0 

ffifcK**#.x«f»cNH. tNOoS*j}xffft-r 

NO^^yiittAftoNOaKtCilo (NOx 

»«*«»««© K**#.**©NO«k*cJo 
(NOxy- / licTig^fti) 
» 5>* t»ffllISS*itu>4NOj</<y3y^o 

NH, iNO^Siftjc i 
i*^fcfiJ5t*OTKfi/r^«PoNH, ft K 

CwH< " ^^o° X(Ci!o ^ C?o) 

5S©«Jr*fr NH, SEC... *CJt«L 

fc«i7J*ffi«rtt£l 3 fC L T * XXISH 1 2 
©ffl7JttE«*t 1 4 Ki»^fLifttt»KEflk3#t* 

n> no, > -.^nsais©* * *©* fctfa^ 

T % X H*JlG«©*^ N O. 

3?^ ) a ^ * o 

HI NH, iNO©fifl;it*tftsu-c*< ( & 

• e *i » & . 

*J NH. t NOoRfc^aatticRjcV** 

0) Kfi^^«f|CNH, iNOfcNO, ^Jffttt 
4»«llN0^<^ AttAtt( NOtfiNO, 



MB «52- 401. 91 ft 
' tfciNOx^-^Iia.iib, iic-c' 



0) 
Ml 

C5> 



VJo Cio 

V* 0 -a, Cfi 0 
t t T a x , a, , a, ttifcflgf* 
*&*t»NO, ^-/iU, lib. 1 1 c *«JE 
(C I b a, -a, -a, 44i5KLTfr«, NO-* 



V? 0 -«. Cj% 



(8) 



^'"^■ MVL-V?, )-«« C,, (7, 



r**. e>n e»« 

V{/o-V5o 

ui-wscjt &^ n^i^ft. nh, sis 

«9t*«WTtt«i H*c» tf. L ifi> ft — © 
N O ^ ^ x/f ^ TttiE * n, a x -a, -o,^ 
ftfcNOi ^-^ lift, lib, licotaTJWffii 

(8) 

iHVftH, NH, iNOttl*^«l*^' 

flCfttiO-cNOiiNO, ii^<*4X5rc 
& {ft 9 *'*£><, 
(4) NH, iNO^l *^TRlEt4^ 
J6»crXflB«^NOaK©K«J&lJ:iftf2Te&© 

Ktt#**ICft*£ffi;8D-fA;fr%L.<#iN0* 

tf) NH, £NO©&£|Caftttftttttfrffl**r 
t*tttttffl^4 t 4K: X b SU, , SO, t CO 

c<* ,h, u. n, m<Dpiif#x.<Dmwnaviiv> 
KKWeficTji-ron* ft © x » -r n h , 

»*»c*ht, V«^yt-#i-wN0^<<x/r 



-513- 



Jtrfy?! 0 t TO ««©atfi(C=>V»T tt, 

fclffl ft/0 
t PJ«r» BTi »4e«=t*©N0, / 

- * Ui, lib, HCTWSSnytNO, sk 

c*o. c5 0 , c^o icffla-^ftditt, e=* * © *r .* 



- 0 1 7*C*36'*vlHJXiB0S'5#t*a 

so t> , * >- r a a , 9b, 9 ciciota^ft 

ftg$D3nfc#*"&J»&ttl 5fCXo-CJEiXN0, 
/ - * 1 7 9C t* * A N O , «KiifidS«n*o t 

U»**f.*fc©.t< 20©#.*tfXfll*rC&ffJ3*- 
i, €£tP-C, NO, >-*©ttl7J«Ett» HR- 

T*!j> Vjo-Vjfo -V/e-VJo -Vi 0 

AC ft «r T o 

NO. ^ -/ott«U7lll»^A-0 3y/<- 

* ( 7 + * = ) 1 8JC4: 

^ x , f ^/A'ftiKafts/iftd, ■* » + r 

9rciOtEttfil 20 a, 20b, 
2 0 coi^f ft^K^b/iElt^nio flDfc, # 

* «J » A « « l J*#y>9 a^fjOitr^tNU, 
/ - * 1 7(C&-p-C^***KttN0, > - * 

I 7 % W«m7javD-A=»x><-^ 1 8 © BB 3J 

NoaacJoKikWU-ca> b, ^^^r^^ 

1 5&«©6«J©*f - h fc«=* JC* U it 

4? fit * w-tfrtf 

{» NO, >-/*ii^riv> 

(2) NO, >-^««3^0*#K4l:i»fiKX 

Oi «?m»cj:*A:J6JE**i«<«&^iE*©»^ 
UUUy*f^#-f ^4?) no, / - 

-W±B=*, i ^-c*56§g©JH3&£f ki 

€>ft*f!l*ttTE©fci<-ca* 0 

(1) 2«»ffTti 

(2) NO, >-*fC««K-CJE£©aw*©fctt 

U 



• Mflfl352- 40 1 91 (4) 
V- x BKi^-tr* e««k 2 0 arcasbnsgm' 

3 A 4 o P) « K v r 9 b^» C,©* > ^©«'S'ICtt 
EtttfiK 2 0 b, #y/9'c*bO^*0«»»C 
tt, EttK K 20cKEti«ft4tiKU a =» 

**ru*ir-l9 % Ett»tt2 0a, 20b, 
2 0 c ttIB]KS LtW« 3 n-C * b v E«i8«2 Oa 

20 b, 2 0 crcettsn*n£fcvJo. vj 0 . 
vfo^vSo fc^K vjo. vio, VJo rcsncLt 

X. 5 9C E ft 3 ft /fc Vfo . v!T 0 , V,To © 3 « © 
f -f ^/^^ffltf-f {?#*^-f ? t 2 I tC I'D 

V? 0 £ tt i> * XEUft 2 2 K » feft* (7) 

t)ft&o »JKs)tt2 2©fll7JT«.&NH B ftK 
C, Ha fC ifcWLfc f 4 * A^dtt < h D-A 
a ,« _ ^ (f>ft>^-v-T^-o^3y^-^ ) 

2 3fcj:c>T7*°^tticiE«3nyt©t>E8f1- 

!t«i»bnv fiSKONH, »fftft84o 
0; 8U, , CU, , CO. H, OmUGM *©»•*$ 

*«J05 1 

JttrfM ? &ifx *K ^-t ft 4 N H, aiKfiragau 

NO, 1 5 0—1 7 0 p pm 

SO, 600-70 op pm 

S O a S 0—6 0 p pm 

O, 3-6* 

Hi O 8-11* 

CO, 1 1 — I 4ft 

N ■ Ab 




KEtf « i ' 

fett TiU, , MO, , V, m, © Sft»© 

SSIS (*© 1 0—2 0 >'>"/»Ott 

pwaac : 3 a o t; 

ft N 0 « >-*-^i*<#.*# : 0.5 L/m\ n 
ttatKWti2(WiSSE : 2 0 00 0h-» 

m 3 a rc <\ v V y * ^-^tti*5SM»C24 
NH, SKO^ffOftttfiXt^U. «3H« 
*559!©#$r&K*Ci*tti:>f y K7x/-*S 

/bo 

Sttt0|2 

to) 

k **#*r8!I©<It i tt I < l-c*-* , to* 
H flB©ffi**fil9f 

ir s ea i *«w©«j©*» 

« 3 EltfW lHK^LfcTX*^Tfc«#*T«ll 
*ffifflL**«MRtt#.**©NH t SKoafftt 

Lfc^77 % * 4 Btttf 3 Bfcjj* Uyt T f * «7 
*fttll*«fflL*L NO«tt^^«f»©NH, 

flF ■* © R W 

1 5#yt-^ 

2 Tttftl*" 

3 SIC V 

4 tt* 

5 Kft*xi*A* 
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RI«T«>*o JfetTfcL NOi5SS^^©^^fflfi2fir 

NO, 40— 50ppm 

CO, 10-11* 

H, O 18 — 169 
O, 2-^3* 

n, as 

»4 0«:*?6^(C4 5 NH, »ff«HO»erfflt' 
^5/ K7xy-^ffirci*5>«fffl©ifc«fcfT*-P 

* # ft IK © IS* tt *i-Stt * *5 L T * & « *T 
t 4 V h'7 * S - »&K Z &&*TQln'< 9 V 4 X 
V»«**« tnnNH, JHffi« ffift I 4 * *>© Kg 
aH 4 fK7*/-*'©»drCX&^t4*ij<L'T 

'«??v>TH4-l y K^^y-^ fee «• flf 

— 6 c 

-7c 7k ► 7 7 7* 

— 8 d - - K^/P 

— 9 c dfy/ 

no***^ 

a-l 1 c KXBt fttefrtfW 
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©ft 9 A *B± 5ft S t 



« (V * 

ttc*ttft»ttWiB©-tt*-S»»AS*lfc* 

Ewsiffli, tte*auftifrt©&tt*9fia>tt* 

cttAL«^**«fcttAL*:i**<o 

«*« «« © s *«» * i t, x « ib * mxn t « 

c©«5*«c **)7 v*A7«flt*ra«l- 

(s) tt*n*©tta* i«<=iz«<d&«b**7 

at. »«»#A-fc$ll*HI*aot*!JlJ21-ft* 

a*«ji. -*©*Bi»RitT»<hww«*ttA 

o 'hattttfff ? fllft n« XI *g A L *: «6 a a a 
M»tttaSU W#<DJ5fl>«#ffl*«JXBic,fc 



3. IK0©ffttttftfl 

c»*o*rfta«»») 

ta*AC*t*«««tf ACT ^7«K«qjft 
»#* -k*»tt**£fett**7 ^*-T«at«2 

««ftft©a4fcf*tt. «*>t>c«i<tll^ i 
9 CM vMUCfiHtiFfni'. fa 

m. »4t»K[9«0«*ft<fcSft*<8fltttt&l9 
«*ttr,Ti»*. i©***{t<D»jt«*LTIl 
**©«S*4Httl> ^<t**©Hr*tt«#BBfc 

wftBtjt*? 7 -7t«««t>fti>tt«atc 

a tt U * tt a # A « tt ft 4 l * tt 0| tt -f * y o Bt * 
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800361-10065? (2) 



*<«*<DflH<D-OT*4. 

*lvcv» ******* ^1* ******** cote 

(#«B5S-S5113 ») . C©*tttf* JSCS* 



**** 9 . 4 * =K<tK»#fftt 3 . 

ra, zi^/^y 9-c»*tf ntettB*«i^ * 

ffV^ i«Cftl|«ll3T^*<t><Z)U)B«i:7- 

^ttdsa i-e<t*n4M*«fl4£-*fc** 

**«T**M»JI**4c fc«<«*>te*. ttttfl 
©*rn***4*to«tta>*T**<. Sttu 

4i 



«te*«*a*aner4fc»t>c**ii*±aw 

W4*«C**fc. 

(2) KC»LTM**tt±-l*fcK«#tf 

tt*ffl*»«>ft4*<% cn4tt*n*n. »«ia 

*>4. 



7y**7M«#yM yt*«ttaiati 
4i«)9A7y4£7im«X«ftfttK 

»4tttt*«©-«*-**«A'*ft***a»« 
Hi. c©ffrt©'Btti9IIOMSMftait*M£ 

t'«#±ttAUfcia 

±i,t*© 4 :OH»fflCA9 

r y**T»ne*attr*ci%0*i:r4. 

Cft9l©ftft«) 

JUT* *«Wil**#ii-c*llf4v 

M7y<*7HMtfl«ll«tMtU-ft 
a**9 -e* 4 • 



«raB3Bl-100857 (3) 



bod *a*«Kfclfc**ft4i:Ri»i;a***T y 
n*5*4»fcttja#»n4. c*ittmtt*9»+c 

at*a«Ctt{fc1- 4Bliroktelor *<*4. C *t €> 
Taos, fc*©*****-**"*^* 
ar*aoo tt(tff< ItKIKittaBI) 
fc4C»*tt»B-efc4A<* boo KftBttff** 

etc ne> o«{tH*i «£*©** *ff*>ft* 

tf, BOD H(klC-9^tB> w«*©*ft* 



C.H,0. * 0, - COi ♦HiO (1) 
C.H,0. *NHi + 0. -dBM+CO, 
+ H.O (2) 
«Bfc* + 0, - CO, *H. O + NH.IJ) 
life. »**©WBtt««Ori-Ntt«tt»B 
tuif 4 tr ATC«* C fcftT* 

a* cittt*(o risnt. 

Ort-N- NK. (4) 
Bftfittt« 

HI troioatitst 

N Hi* »l.SO, - IH' + H-.O + 

K O ■ (5) 

lltroBactdr 
NO. 1-0. BOt - NOT (6) 

N R «" »10. -NO; ♦ IH* ♦ H.O(7) 
£*4. 



JIWrobicUr©Xttlt*C, H, NO, ifiSt 

**nrn*«> t«**4. 

1SCO. ♦ IS N H 4* - I0NO? > 
JC.H,NOi + t3M* + 4H.0 <8) 

lltro«oie>««is 
5COi *NHi* +10NO7 *IH.O - 
ION Om ♦ CiHtN O. ♦ H # (9) 
(II trobactor) 

20CO, + I4N H «* - 4CiHfNOt + 
10 NO? ft 14 H* ♦ tH.O (10) 
HI tr«ioaoiti* * Altrobaclor 
«fc 4. 

t y*.=-Tu©tt<fccMi^ o.o4wso.n 

A Olllroao.oaits S5«BU©ttfc 
0.04ftS0.07i ©RltrobaClor *<49a 



B***ut*(7> £(io)*tt**fc-*4£. M 
fc£*lt©*{frK.S±Lr*(H>*»&n4. 
N K 4* «• 1.13 O t + O.ICO . 
0.021CaK«NO« ♦ 0. 94 H , 0 + 0.98 N O 

(ID 

%A.T.t<. Lfc#.,TaT©BK**<n>*fl 

C©J;*i camrc«tfi-Ctt. 100 Btfc«KJ:4 
BOO **©i$t. «ft|CJ!47y*iTfl>l1 
Hs iapl^4)Blft«(PII»c<fi)ft4fe». *© 

Bfc«**n4B«»t>Pitr©eTfc©*it«T* 

4ttSHI»Blfc'Cft<,T. aj6B»l»Attttfti 
■HC**n4TV«4*T<0 8lft*«»*TLfcl>jat! 
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fe*cH*ffi«iiflt*<*» < * too ttftio 
*c j:*tt*m«aatitt*. aubbio 

t y*^T©B<tc * ,xm««n 

**. *oTs c<BMXffiBft«<*»6finur* 

ioi tt<tff<D»ofisffi»aa*x 

*4tt»««a*±tttf*L**~Bfc*X<fe*a 
K*ffi^TC©BB«M0t*«Ebfc. 

rM<t*X£*aot*MT 4****5. 

Tf y*.»7»K*«£*4»tt*BX»X©l8 
B. WftWB*J*IBK4C±cj;»)ioi BAB© 
*tJ;*H#W»a8E*Ut»6&n4 c ten t 
fc. ;iT0Ht»MflttlOI B<tBCB«**A 



HBHSG1-100G57 (4) 
**#»X< ttTi.f.i t«»r*> 

CttLTO.JS^BO.7 ••/•-ir 

ht, *aii*XBB*wnx**cn«i'** 

XBX 

B 1 0tt*ft«C*fr4ttK<D-Jl#fle*« 

H-eft,T* -w<d*bb*b. «»t*c«*» 
*A**BX«BaB*««t-4«*Biifc« 
io*B**B%*»caa*4B«wB 
Baxttcai^axB-e*-*** c©B*«ie 

**«ftil«<D-»*<B*ft*ttBU( 

B*xBii*A*afc»BB«i»B**M*« 
iicPi«ro*na*4. sn6«*M»«n* 
i3ttafcBB»»i*flo>*fl«*«ii*«<t*« 



B&*BBlfl*a*.4W*tt*<Plt;T*4. 

mm mt**nm\B* h m <tn 6 *t 4 . 

-««©ax#**# y rite tn*.**? 
it* i7tar,T»»*n. *UTR»*<9iSv is 
<Dm*T4*t**i4iB«ftftii* iin©«ti«« 
ci*#«»«H4'. *<oBXB<rxtt«)B/<* 

xfr»ttti*eB*m*a*#«**ft. uci 

»»12T!B»l*, 13<bB*««ait©*t**4 

c •j«fc*flr**tt*n4. bib*. 
i4i**4t'«4is*«-*^is* iitt*n*fr»* 

'<**\ 13, t3tt KPlMBtlST* 4 » 

CCTJ*fiW*ttlK lS**Btt*rt4Batll 
MStt1ll0^Jl*tl«»«i4. ***** 
HA tt*gBfeHl3Yfl£d.H4tt8HIAaffict> 

*«i3**wx*n4«*iiiBaat«BW«ftT 



ft*. *fcC*H9**lt. UttPiMBBBta* 

ucji9teni#tu < *4 Jt«*cW«*«v4 
fc». 100 ioia4«t < s *-»TI0D icj; 

B*3TWB*froKSfli«Bi»:<>ae«»L<in 

tn4Ty**Tl«*«»4Ci*'T44. 

fiiJ:OJ:4C, *JMJBJ;ntt« BXWrt«T 
y«A7U«, WX0* a*©M»*»<d*c 

yMWt*4.'lfe, »«»tWt'UT 

(t«AC^(,ft<« 9 ^^4, »*csaett4 
&**c»l?MBH©*ttBX#»ni*li.* 

ttaaBft*t*ttLfc. 

B I ■tt*«Wc*v*»4«fftt«<D-***«> 
BAB*»l. *2Btt*ftWe**4«aSlX 
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11030881-100657 (6) 



10- ■ it. ia. • 

19 • • i!<tRlMfl{fttt»S. it - ■ m* 

asfiK it - • • mmm 

* a A * a± * * «@l 



JZ 
.21 



J? 




2J 



20 



PCS 
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Hfflog61-lQOG57 (6) 




I 

. I* 



®a*@4#f*j?(jp) © m a £ &n 
@&§§4f fP&$& (a) ¥2-120663 

©Int. CI. 5 StfUE^ JfWS31#^ @&P8 ¥j£2¥(1990)5/?8B 

G 01 N 31/00 GAF G 8506-2G 

©& S US63-274233 
@\h SI BS63(1988)10B29B 

Oft 9 A #a± %m 



« a e 

7 v * - 7 ti a ffl £ B 

St. aSl<*>3tf*a*fci:3*2<Brf*#tt&gj»Jtf 

a*j&y&^7>*-7«flE&i5m-r&«ssi 

fc. 7 - 7«&g«lffl, 7Vt-7«lJai/ 
£**gtf;t{|iJW&fcfrfl3;tTv*a>7:/*-7/r 



*»«Bi*7>*^7i:ffl»ltt<tttfc*tf/fA* 
fc*>7V*-7»afc8H£-r*JSHKD8 
f & %* <B V & * . 

7i/*-7rfA!ffi£5SBl*. Wi«SiSI(M^ 

7>*-7-CS3Rttfttt&a7CbTfi5Rltt<t#fi: 
7i/*-7/fA**r«F/rxT&U. & ffl $S H * 

6^a^K:»ai5n4fiffl7>*-7/f7. i* - & 

»*&fc*>Krt««B<Dmau:ib'tt*»ffl7;/* 
7V*-7/f*(0«&8:8!£-rftBei:LTIi, 

s*ttftttt7y*-7fc^t/a!i5e/fxs:ftiyii 

ffl7ctt«fciJIUT8aE/fxtfC0fljBlttfttti:7> 



-409- 



7>*-7*Xffl£i5HTMi, an. 

fc *: * . 

£rfA*<3fi»RHfcai:7:/*-7fc£j&3** 
IIWflrfAtfttfcfcfl*. mt(7>rfAJfitti:JTJ2 

<n * x * m * w »j f? * t s a? n it (ft fii © k m « 



ttl!a¥2-120GG3 (2) 

9 2 2 5 7 . 

3 ktiJia) 

It * i« * . SBl©^x^tttm2©/fx«tt»i- 

^K«fflk<t 'J. U 7 /I/ 3» •< A <B gt 88 & ft 3 £ 
it V * n . 

^««aj««fl:tt««k, a * a «$ m k *a a a n 

fc052^)/fAffttwSigRttfttt»jS(oS^^7> 

*-7«fiSrtraj-r4«)-e. wtfi<D«wii:^u 

*tt. txajdnfc7>^-7«jFffti 
R«i5H^ato-r*7^*-7ftfeafia"f&/c^ 

C0^OT*4C0-C. jaffl7V^-7ffli!20D«^» 
* * . 



r»s«'>^v^7v*-7/rxjH!sE«a8:t4<«'r 

tt ft 2 fc ft U . 883!/fArti(oa«Ra{bt3jt7V^ 

1* tf. © (NOxIt) V * *) . 5 (i 35 1 <0 /f X ft 
tt 1 k3B205/fX^tt3iWytfi-cajfitt<btt 

6Ua*Mffc«5<ftrtiJB4 0aWj$:l&U£A,T7:/ 

* - 7 »se sr »mr 6 atr© 7 . 7>tira 

fltSftffl. 7 y*-7»jff&t/fflttHfcfca£(0 



9 I* * - atf - K 1? A »J . :«)7>^-7^^ai 

«^iUt*67yt;7aiJ[8fttt, 7 > * - 7 

cD**a**&«&-rat,<&-cAa. i o i* ra & 
anfc«*tt<ba»£*«aa*ifc7;/*^7a 

7V*-7»iE©«ftfflfrC«fc^TWffiJ8S«flS: 
fi * * » £ tt . «»gP7i*7>*-7«&<7>«ii* 
Mfc#ft¥JiJffl$:tTii}U. 93 fif * «j W ft 8 ti 10 a* 

7><i7«ij3ttCj:- a r«JffiLjgiPJSrlWW-r5 

t * it . wtf*fflws$8iiaa»fli7**<D7v* 
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fi*tt<t&a£ L * ^ffi fctf * ft t * 

7 > * - zafflEi&ffl. 7v*-7»sat/fl 

(XttM) 

i la^n-rrfcy. ami 2* ©/fx* a 

J&T * . 7 □ - 7* I I^ttgiai 2 (B x & ffl 

»a«;at;»i«/fxjRttit. a7c«i« 2 

-75rSjCit*-*»2«)^7.^tt3 tt * ft T 
l> 4 . 1 3ttd07>*-7^fAagSKEZCD/<* 

;i/«^«i»ciawi&ftfc6j»JB»a'Cfty. & *f x 



MB ¥2-120(263 (3) 

I 4l±cc&7>*-7/fx8!£|SE<B><*;i/«D 

««»catt6ftfc85»a»HT*y. # # x * « 

fcfl*Tra£*fX*<0*#*ia*v*:M*£:«:f& 
fitf»fiBKE 1 4 & HfclB 1 1 £ 2 

0**«tt3it«j9*.*iB'tft«tta*5icB* 
ft*. «»# s roasattttiE/f x * <&9J© jtffl« 

»«3ftTv»*. 5 liJB 1 toii x#« 1 x 

ttm2(o/fx«tt3^v>rft^«:ttai834fla^» 

x**fc«jy**.TttUB4icftttrft. 
«ajfflONOxft4ii«^w:<t^»«^<o^#f 

y. «ai©4 (oas*m#ti& y iiA,-ca»M<t«j 



tt8#5<&Wff;tffl»n±7>^-7aiiEKI!)fiiI. 
7>*^7i(lig»t;S3mttfl:tt»dEfl5^* > tfO'>»i: 

tt # 1 5&W»Jtf*.TttiErfXfc«/iS{B4Ki»< 

0»ttiJ:^agt4. C 0 « $ ffl »H± 1 0 

* . 7>*^7rfx»iS<B*liSflt*£ft¥J$j 
« <B S 7 ;t/ X * — ^1/ (FS) CD±5*fcjfeJ;lfc 
fc**. 7 ^ 7»« # 5 p * mClJtK* o ft: 

*tt#5<3«a«;tWR8fc30S>*6l Stflcfctt 
"T 4 «fc -J K , *-zK-K9£J:oT7:/*-7ffl 

««^fl(«)l«^gtf5 P pmtttJti. r ft 



IB 2 <8 /f * JR «[ (NHaJR) 3(OV>-fm?ftS*» 

*«rrL ( x ^ y •? s i ) . ttasai4^diAm^ 
* i& y ii t/ . 

S2, S3) . K^aftfc©B»^.««fl^iaa-ra 

fc. *(0t«fl)NOz(0«8$ttH-/l/KL (X 
x v :/ S 4 . S5) . *a#5*NHaa3Ka 
ijtfjtft (^f y7S6) . 

ttiiiS4C0tflAffl-*ftJfcyi£fr/>< ( X ? ? ?* S 
7 ) . iO^BflJ^ffl^liNOxtNHo tffi 

1" fc (NOx-NHo) tft9 6 

ft*. 7 V*^7»flS<0*BSffifrajf 
NHo=NOx - (NOx-NHa) 
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( * r v * S 9 ) . 

Ksa/vfcHUiAiearu. 7 > * _ 7 a <d 
&*i¥$$:tJai-r* (xxv * s t i) . Has 

Jfc « U ( A ? y 7 S 1 2) . tfl!)fitf±S%FS 
.fc T * < . * O . 7Vti7«l5iA'5 p p 

# 0 * S L (Af-^S 13, S M , St 5) 
. 7V*27»I«»ft?lSt«B$ffl«)2tf±5 
HFSWi: (^f 7^S 1 3) . X li * 0) 2 ± 
5%FS*ttTa^T*,7>*-7«j£*B$t{itf 
5 P pm&Jl*Cfe*»£ ( * X v 7* S 1 4) tt. 
StE!0>J«Jfflfc3OtM»*158>fcffltt*f3 ( X r v 
7" S 1 6) . *eOfc«0-7>*-7ffl£*B$<ififc 

* - iU K t ( X r v *} S 5 ) , tttt*f5«:N0x 
J&ttEncgj'Jt?** ( A r v 7 S 6 ) . 



tfRa¥2-120GB3 (4) 
t«*«tur5iffltfewtaiBa6o-i 9225 

7#^«lCEttfl)7 1/t-7iSffl^8B'Ctt. 
TV**. *»«Wtt5iraW<0J:^^. S«iKSiftft 

( 15 W <J> 9h K ) 
*»f?flTtt7;/*c7a£lEl]!iiifl. 7 v * r 7 

^-3. U 7 * A K i£ v» E «fl 
T *s * - 7 *18.*m*L-t Z Z t XV * Z . 



j m 1 <n ts x&m (n o x ) . 2 sic 

in «! a m a . 3 txi 2 a* xit* m ( n h o ) . 

4 s $ ft <b a & as s . 5 ai^. e 

70D3>ta-J, 7 ««0. 8 W 

IF * M ft SB . 



*?#aj«A tt*£ttafcHf*/fi 
ft a a #*b± » o » m 



»10 
2 3 



NOxtl 



/10 
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Rfl¥2-120(iG3 (6) 





S6 
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#M¥8- 193989 

(43)&I8B ¥^8^(1996)7 ^308 
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GO IN 31/00 
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I»^(0ft6 OL (i5D 


(21)mH#*t 
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(7DWKA 
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(22)ttiKB 
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(32)*5fcB 
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(33)*5fc«3ifc® 


(DE) 




^ymnpkftm ? — 64293 y^i* 
















-<fe 250 






(72)%K« 










^yismmam 64372 
















— fe 74 






(74) ftSA 





(54) WWCO^IW 7>*~*A^*>£«Se<h£ft*ffc 



(57) [gift] 

ft. iO«^*<»««Bl**^tt^o»*ft^#* 
ftOfeco«ft^fF«i-4. 



1 

[mm 1 1 7 x iftsnttBtt 

*t**t* £ k MMtk-fi^^o-iac J: £*8 
»+^7y*-^ A4 * v*g*f *»K. 

*)Vi})V#vm. KM t Fo^f x8&K*C*> & i k *«f 
2*fctt3<0Mfc**t Fn* frTfr 

ire** £ k Sr«p«k-r4ffli«« i 1 3 i v«ifr i 

Cil^JS5 ] 2 -b Hn^^y^r;P3~;Uk- 
b otVI^ b'-f b'J r k £^kiT &ff 

*s 1 4 v * l 4 v v«i* i mzim<7>mm. 

[00013 

*^+<or mmtumz 

[0002] 

[0003] fe^«t»<««ttjS¥fiSHxS:*Lrv^ 

t^ttilft**?-- (Nessler) k'WfU- 
(Berthelot) <0*ffiT*4. fttBSffitfE 

*. £fos ±*ttffln* summon 
[00 04] m-^A^y, Wiftth7x 



2) ^^F8-193989 
2 

tfffiS (Anal. Chem. 49, 4 64 
(19 7 7)) coMyST'&o*:. »Qfeff0)<«MbfHi 
fltffl-f*7xy-;U0^7fiS^i4 ! SrikT*>*. ffi 

S^iiiS 7 x y co b y ^-/uss i: tx** 

#atBTttHicoflfio 7 x y *<7)7 

SfrO**. i<o#-C2-*?-;W7xy-/K 2, 6- 
>**f7P7x/-/k 2-;DQ7x;-/k 2, 6- 
y7oo7xy-;k ^T^ra-Jk o-7x-;P7x 
;-/k m-^l//-;k 1— *-7h-;W5J:tf2-> 
5 - h y y«i«f^ftffi^rig-c*fti 

fc^t^(Analyst 1 09, 549(1 
984) ) . 

[0005] mms&&mmn?x b* v hx-m 

20 k^i:^r^rn-RJ5$:M'fb^*^<^^^ 

[0006] LfrL2*B»RJRtt«8*. irVM>*r 
x bx b y 7 r (KBbHWr) fcJflv>*#ff#iS?tt*Ji 
i/u*a. TXh^hy^r^ffiffl^^^fo^kL 

^H(cra)i^ti^^k*k'*Wf4>a-5, Ciwh 

30 mmtzi±mm&&mi*tz\±7 < frMzmmi-i. 

III V vc - k 6 . 

[0007] *x5-^cg^T7y*-^A<ofi£ 

&aJt*TX bX b y vrtttt&flTV^tffc *<rix<b 

ti2 o p p m^^jtKWKv^r y^^A-f 

attiiitfc^taotwh^b y *)m 
40 i^fi&v^ #irxbxby 'y7T5r*(ijdiiR*ory 

i3ttS^tiJ«ipH^|| (7 > D^7xy-/V7 r ;^) CO 
[00083 

[0009] 

50 [pffi£»?*f *fcib<0*&] *JKBIi7*/-A«» 



3 

[ooio] mt*%PM7 x s-tmrnmsm it: 

[00 1 1] 

tt. ttftmm. ntt<^w\Rm. ±ttz 
j<-)vm*. %vizmmiX'bv&ftmmzttLT<& 

[00 12] %<Ztl,ZtVn*>>mi)<2Zt:te3<7)& 

mzh o r>Mr/ug# i *^ l 6m<7)®mm=f-tt*t h 

x-^T^i^/PtfylL bFu*^&i&t;<D7 

u^x^y>^7;Pn--/k b Ko^S^x-H'ilBL 
hHD^rygAi, 2- ( 2 -b Kn^y7x-;H X 
?/-/k 2- (3-tHQ7x-^) x*y-;k 3 
- (2-tKn3ri/7x-;HroA7-;k 4 - (2 
-tKP^7x^) 7?/-;k 3- (2-tb'D 
dfi/7x^)ro^^ 4-(2-tKD3fi/7 
X-/H81L 5-(2-tHn^7x^)^l! 

2-b Kn^i^x-zHIIL b 1*0*2/8 
ftBtt«ff4L<. ^2-bHD^^yi/>r;un- 

wsffimxmv 1 *ja±» arcs * . 

[0013] ttffi?te&KJRttfiM«»2: l*£*><fc a Srr 
fc£B&tGKa l ^^ttUMtas^^ 

mtz&imn&Mzftvzzttfx'Z. zcD&Kzwt 
\vzfflmffix?jA* y ? y < )V2± „ viz h y r 



3) «F^¥8- 1 9 3989 

4 

[0014] *fc^«fia»»t*awfc^-7i)fcr 

«fc:«»rUTftv^v^ h y vTbtZZ b t>T$h. 

[0015] «jRtt«i*«c*«7x ;->i>®mm*%t> 

&&. 5Si^tt«ECIi-hnr;^H^hy^ v> 
(in mt:i$mmtf2>*) . ^hnr^Kth 
y^##4U\ *»»»Jitto. os&v^lo. 2 

10 %, *?4L<li0. l%^-hor/l/xK^hy^A£ 

[0016] ±Mnmimbmmm\wwffik&ft± 

lz&&lXb£^Lb&^tetm®MlzmiXi>Z\<\ 

[0017] m^^jntt»«^£^(i. tm 

viL y;oMy;^7^fb7iil, yFWh 
4fctiEDTA. »4L<lil-bKn#^x*y- 
20 1,1- iS*A*>&bW&*t& . 2 
110%, ff4L<li5%tf)l-bKn*$/x*y- 
1, l-^*x*>Ht«M"6. 
[00 18] Kfl^£pHfiH* 1 0-1 2«i£fTt 

®®mmwft&nftt l zi>Mmx*zm®%T$>$>. m 
v>a &«ff«K»iimsa[^P h b wtuzif&t&m 
m<m*tz\mmz£h. m&tmmbix. mi 
if, *mcf v y ? a/8e»* h y ^Aigm *k 
b y h y * Kit* h y * a 

30 h y ^ffws^ft 0 , h y 9 a 

/mm* h y ^ a«««36«»4 lv\ 

[00 19] i^S«Mffl^tpHJ^l it 

i:a^*-&. z<omizmitz&&o<!ffimmmm2& 

40 [00 2 03 T^x^A^^yoffiMSrfif-Jfc^, 

wtmG&mmwz&K . h x b y y r 

*KH8M*«>fc9BU SS<*flJ9tLT, flfetfe* 
*. jEB»»oaat:«*fftc:i:3&«"C&. 0. 2%^L 

iomg/i (Dm&oz&mm t . 

50 [002 1 ] 



(4) 



-193989 



msotm zmzi ix * tz Bwt&mzx ~>xw®l 
[0024] pHzmfctmmmmi 

10 0 g<D7fc# 

4 4 g^ffiM* h If A* U * A 
9 5 gCDl -t Kn*3/X 



[mfl] 
11 

(Scholler & Hosch 300A) 

£T&<n%ammx-iri%i. ^x^ma^m^x 

&®Ltz : 100gO7K*tC3. 5g^2-tHo^y 
^y^/l/rrt^-^O. 1 gco-bnry^K^bU 

[0022] »feiifer«Sra»^*ttr«»«, mi 

[00 23] TV^-^A^^fitfO&^Ll 0m 10 
g/i , pH#1 IT. SfS5ml iO lmgCO^D* 

a) awt&wi 
mm o 0.5 

(mg/l) 

m~>tzm&$it®i~>xT>*-*7M *>mmmm 

b ) £Ott$l?{ffi : 

mm 0 0.25 0.5 1.0 2.5 3.0 5.0 7.5 10.0 
(mg/l ) 

74.8 72.7 69.5 63.5 53.6 42.4 28.2 18.4 13.7 

(%) 



2.5 



5.0 



10.0 



[0025] 



SlfciftK (mg/l) 



0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

[0 0 2 6] 7x/-/l/»WttfcLT2-tFn*^ 

mtitet \tn*ismtmzm^xi>mm&mmt> 

titz. 

m$w\2 

mmm^xmmi tmrn^^zx^xmi 
tz. m<^fzMzim^m(omm&mxmi<!K^ 

t&%ZWz. 
[0027] 



1.0 
1.0 
1.0 
0.9 
1.1 
1.0 



2.5 
2.5 
2.4 
2.5 
2.4 
2.6 



6.5 
6.2 
6.5 
6.6 
6.8 
6.3 



40 











(mg/l) 


d«/l) 


1 


3.8 


3.5 


2 


4.6 


4.8 


3 


4.9 


5.1 


4 


2.6 


2.4 


5 


4.6 


4.5 


6 


4.2 


4.1 


7 


0.5 


0.4 


8 


0.6 


0.6 


9 


0.6 


0.7 



50 



r»(Schol ler & Hosch 300A) 
*TE2JW»C9»HT*«U ^aiKl^t 

mi*. 

3. 5g<?)2-tYu*i"\Vi;iVTlV3->\sk.O. 1 
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(21)fflH#^ 


&WF7 -43523 


(70WIHA 


592140182 








mm mm 


<&)thmu 


Wc7^(1995)2£7B 




*R*m®m«&«B2TB 6 -11-404 






<71)fcHKA 


595031797 








ft* 














(72mm 










AE^®^«©2Ta 6 -11-404 
















J«RJlHs»TW«Wllj EH 8 # 2 ^ 






(74)ftJSA 





(54) t»w©**3 ty&+7>*-7mf&m&xmu 



(57) [gtt] (IKE*) 



i — 












CPU 






56 



S 2 



* 



53 



4 1 



1 

3^1^31* vrfcfws** t>*rc**n*« i 

Sc. 

mvCWR#n7y*-TbttLXmt&timfflf> 

»u mmtT-ftLximLmvt&mmtm 

[000 1] 
[0002] 



2) «rflPP8-2 1 104 9 

2 

x\ m& < mfcth z. t &®mx'b o . »«o«»-c 
[ooo33-^. mtoTy^-rmmttoMim 

«k tmtixn LwofeX'bm^z&^xtehMzffi 
4rflE* mutr -TKEt imm I v >fc lit: 

[0004] *ct, w^wr^-rJi^ 

miZWhX'J?*^ (Jacqucz J.A., SCIENCE, 129, 269. 
1959. Robin E.D.,ibid. 129, 270, 1959 ) , ZtltZ\* 

20 w&htzthb&frtih. wz. mwms&wm 

bi>*>&. 

[0005] zco£o%igffifrb. mxm%*T> 

*-7li±<Bmi f z&mfeZiiX&t>i'* RSSSBW 

7tf>«i^B03*&tf** ( Larson, T.V. ,et al, Rcspi 
rat. Environ. Exercise Physiol., 46 (3), 603-607, 19 

30 79) . zmmt* n^m&^-fxmmzmx 

femT»ftlXTy*:~7m&Z?fttbli>0>?2>&. 
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^oar/Mr y««OTfcffl^rK»xrxk*sri3ii*fci» uu *«»ft»as*3 2&k0M9iwimtm^xvh 

*"*-**&£S^l/0>* (Hamilton L.H., US Patent HfflAfcflfU *ffl*jk*« (W&^TVWD^T) 

No.4,947,861 1990) . katfjfclh**. 

[0010] Lfr L£<0#tttt. J3'J<0iH!&ft ORttffl) [00 1 6 3 7y*~7*KiS«4tt* *«KfiS«>3 1 

com. m L<liS6B<0Ba*fiia»rtfc:«lftL, ft IKS4 2#&»SS*i&. ZLXXV74 ltt, «ie 

MvMi*W^O«flMitf4 0-5 O'CKML 30£B^k*o^«pji53&>fe-««fHft 

T. ry*-rk*^>KM*xk<!0Ra?fc:J:^«*^l» ■W**'3fcft-vCO*. .rok£, BBasfiSfc3 1 

[ooii] *«»^<ioi*«+r yt-rag*ffiatX8 «*»»*> 3 i ^^iejeec^ot^o . x>74 i co© 

HfcL ftftk LTA <0ff«S:8fflL. 1 gi^^O^^aALit^k^JMHOfiSMrl*^ 

■w»«*!£atf«atc**. feiTHffin^riessMfc: [00173 PMi+r^-rauaBBi. 
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OTAejioB, noMei^ajoT ero b CTepunbHyio 
npo6npKy n CMeujMBaioT c peajanBOM Heccjiepa. 



nano)KviTe/ibHbiR peaynbTaT cbHKCMpyeTca 
npaiaimecKM MmoBeHHO no OKpawMBaHUK) 
cMecu b we/iTbifl u,BeT vdvwn BbinaAeHHio 
ocaAKa. no/iOKViTejibHaH peaKU.ua 
CBHfleTexibCTByeT o cbh3M xpoHMHecKoro 
racTpnTa y aaHHoro ooribHoro c Helicobacter 
pylori. Cnooo6 noaBOJiaeT noBbicnTb TOHHocTb 
AMarHOCTMKM m ycKopvtTb ee. 2 Ta6n. 
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(54) METHOD FOR DIAGNOSIS OF CHRONIC GASTRITIS ASSOCIATED WITH HERICOBACTER PYLORI 



(57) Abstract: 

FIELD: medicine, microbiology, 
gastroenterology. SUBSTANCE: stomach 
mucous secret sample is taken in patient 
with sterile catheter from total surface of 
antral and pylorus region, placed it in 
sterile tube and mixed with Nessler reagent. 



Positive result is recorded by practically 
momentary mixture staining with yellow color 
and/or deposit precipitation. Positive 
reaction proves association of chronic 
gastritis in patient with Helicobacter 
pylori. EFFECT: enhanced precision and 
accelerated diagnosis. 1 tbl 
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MaoepeTeHne othocwtca k mgahuhhckoA 

MHKpo6HO/10rMH H M0JK9T 6bJTb HcnonbaoaaHO B 
racTpooHTeponorviM. 

l/l3B6CTHbi CTI0CO6W AHarHOCTUKH 

xpoHMHecKoro racTpMTa accoMMnpoBaHHoro c 
Helicobacter pylori: 6aKTepnajiorwHecxna, 
AbixarenbHwR, rwcTonorwHecKMB, 
MMMyHortorvmecKufl, 

(tjepMeHTaTMBHO-CeneKTMBHblM. 

M3 M3BecTHbix cnococoB Haw6onee 6jim3Xwm 

K MBOGpeTeHMIO no COBOKynHOCTH npHSHaKOB 
HBJlfleTCfl (JtepMeHTaTMBHO-CeneKTMBHblfi MAM 

CIO-TecT[1] 

YxasaHHbifl cnocoo" AnarHOCTHKH 
xpoHHMecKoro racTpura ochob3h hb BbmaneHMH 
Helicobacter pylori n BbinojiHaeTCfl cneAyioiAMM 
o6paaoM: ocyii^ecTBJiHfOT 3a6op 6MOMaTepnana 
xycoMKa cnn3MCT0« ooojiomkm jKe/iyAica 
6nonTaTa, cm6ujmb3K)t c pacTBOpaMH 
MHflmcaTopa (JjeHon-poT m MoneeuHbi h 
HHKyGnpyfOT b TepMOCTaTe npn 37 °C. IIqa 
BOS^eRcTBMeM npoAyKTa KH3HefleqTenbHOCTn 
Helicobacter pylori - ypea3bi nponcxoAUT 
pacmenneHkie MweBUHu, b pe3y/ibTaTe vero 
o6pa3yioii4Hftcfl aviMMaK samenaMHBaeT cpe/^y m 
uHAUKarop oKpaiuHBaeT pacTBOp b xpacHufl 

14B6T. npOAO/DKMTenbHOCTb nonyHBHMfl 

pe3y/ibTaTOB peaKunn 3aBWCHT ot KOJiHnecTBa 
oaicrepHfl m 6nonTaTe m npn HeBucoKofl CTeneHM 

06C8M8H9HHOCTH 6MOnTaTa npOAO/WKMTenbHOCTb 

aHannsa cocTaenfleT 24 h, KOTopwe 
HeoCxoAHMbi aha HaKonneHMfl b cpeAo 
noporosoro KoriMMecrBa ypea3bi [2] 

KpoMe Toro, BcneACTBMe OMaroBocm 
pacce/ieHHji H. pylori Ha cjim3mctoH ooonoHKe 
aHTpa^bHoro OTAena >xenyAxa, 6nonTaT mokot 
He coAep^caTb HCKOMbifl MMKpoopraHrvi3M, 
HaxoAfliMHRcfl Ha coceAHMx yMacTKax, mto 

npMBOAMT K JIOJKHOOTpML^aTe/lbHblM 

pesynbTaTaM. 

TaKMM o6paaoM, u3BecTHbiB cnocoo" 
AnamocTMKn AOcraTOMHO AHMTeneH n b MacTH 
cxiynaeB conpoBO>KAaeTCfl 
nojKHooTpML^aTeribHbiMM peaicm«iMM. 

I^ejib M3o6peTeHMji ycKopeHMe AnamocTHKM 
h noBbiuieHne tomhoctm cnoco6a. 

Llenb AOCTMraeTcn tom, mto y oonbHoro 
oepyT cnn3MCTbJ« ceicpeT wenyAxa, cMeujMBaioT 
ero c pea kt 14 bom Heccnepa m no OKpaiuMBaHnio 

CM8CM B We/lTblB LJB6T M/HJIM BbinaABHHIO M3 H86 

ocaAKa onpeAenniOT Hammvie xeJiMKooaxrepHM. 

OSiahmh Ann npeAnaraeMoro o&bexTa 
H3o6peT6Hnn m npoTOTHna cy mecTBe hh bi m h 
npM3HaKaiviki flBJintoTcn: aaoop 6woMaTepnana 
wenyAxa, CMetUHBaHMe 6noMaTepnaJia c 
MHAMKaTopoM m nocTaHOBKa AnarH03a no 

n0flBTI6HMK) OKpaiUMBaHMfl CM6CM. 

OrnMHMTenbHbiMM npn3H9KaMn 
npeAnaraeMoro cnocooa flBJifljoTcn 
ncnonb30BaHne b KanecTBe 6noMaTepnana 
(snM3MCToro ceKpeia menywa, cMewnBaHue era 
c peaKTMBOM Heccnepa n nocraHOBKa AnarH03a 
no OKpamnBaHMio cm ecu b Kembifl ijBeT m/ujih 
BbtnaAeHkiK) ocaAKa. 

riocKOJibxy B3flTMQ 6noMaTepMsma b bhas 
c/in3HCToro ceKpeia >xe/iyAKa ocyinecranfleTCfl 
co Been noBepxHocTM aHTpajibHoro n 
nunopHMecKoro OTAenoB, ncKntoMaeTcn 
B03M03KHOCTb nonyMeHMfl nojKHOoTpMuaTenbHoro 
peaynbTaTa. 

npoAorwcMTenbHOCTb aHann3a no 
cnoco6y-npoTOTnny 3aBMcm ot KonnnecTBa 
xennKooaKTepn« n cocTaanfleT ot 30 muh ao 24 

M, MTO CBfl3aHO C HeOOXOAMMOCTblO 

nHKy6npoBaHMH MMKpoopraHM3Ma Ann 
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HaxonneHMfl b cpeAQ noporoBoro KornmecTBa 
ypeasu, cnoco6Horo M3MeHMTb ubst cpeAbi. B 
npeAnaraeMOM cnocooe HeT Heo6xoAUMOCTn b 

HHKy6HpOBaHHH, T3K KBK ncnonb30BaHne 

peaxTHBa Heccnepa no3BonneT onpeAennTb 
Aaxe Heoonbiune KOJikwecTsa aMMkiaxa b cpeAe 
(0,25 mw) - [3] nooTOMy nono)KMTenbHbi« 
peaynbTaT 0HKCnpyeTCfl npaKTHMecKM 

MIXOBeHHO. 

ripHBeAeHHan C080KynH0CTb cyiAecTBeHHbix 
npM3HaKOB b /ikiTepaType He onucaHa. He 
ooHapyxceHO Taioxe cb8ashh^ o npuMeHeHHn 
peaKTUBa Heccnepa Ann BbJflBneHHn 

MHKDOOpraHH3MOB npH AHarHOCTMKe 

3a6oneBaHHM. 

npoBGASHHbi^ aHanw3 nosBonneT cAeiiaTb 
BbiBOA o cooTBercTBHM npeAnaraeMoro cnocooa 

KpMTepMflM "HOBH3Ha" M n M306peTaTeJlbCKMfl 

ypOBeHb". 

Cnoco6 unniocTpMpyeTCH cneAy^mnwn 
npMMepaMM. 

npMMep 1. BortbHafl r. 8 neT, nocTynM/ia b 
KnuHUKy c xca/iooaMH Ha 6o/ih b snucTpa/ibHotf 
oCnacTM, B03HnicaK)mHe cpa3y nocne npneMa 
nviLAH, cnacocTb, yTOMnneMOCTb. Ha aHaMHesa 

H3B6CTHO, MTO TaKMO OOJIM OTMOHaiOTCfl nOHTM 

ejKeAHeBHO b TeneHkie AByx neT. ^eBOMxa 
HeoAHOKpaTHO nonynana icypcbi TpaAHL^HOHHO^ 
Tepannn: BMTaMHH U, xone^MM, racTpcx^apM, 
cJjecTarj, a/iMarenb 6e3 3HaHHTenbHoro 
ynyviujeHHn coctoahhr. nposeABHO 
oocneAOBaHMe oGbHHbiMM MeTOAaMn: o6imie 
aHann3bj kdobh h mohm, ocmotp. (IpoBeAeHa 
cpuSporacTpocKonufi co BsnTneM cnM3HCToro 
ceKpeTa xenyAKa CTepunbHWM KareTepoM npn 
noMou4M anexTpooTcoca b KonviMecTBe 0,3 mti. 
nonyMeHHbifl cexpeT CMeujMBaioT b cTepwnbHo« 
npoGupKe c 1 KanneH (via c<|)TanbMonorviHecKO^ 
rmneTKM) peaKTUBa Heccnepa. B pe3ynbTaTe 
nonyMeHo OKpaiUHBaHHe cmbcm b KenrbiC^ l^bbt 
(nonoxMTeribHbifl pesynbTaT). 3HAOCKonMHecKM: 
flBneHMfl aHTponnnopHMecKoro 
rMneprpo<t)MMecKoro racTpMTa. OKOHMaTenbHbifl 
AMamo3: xpoHHMecKvifl racTpMT, 

accoi4MnpoBaHHbm c H. pylori, $a3a o6ocTpeHMfl. 

flpMMep 2. BonbHOM X, 14 neT, o6paTnnacb c 
jxanooaMM Ha 6onn b annracTpanbHofl o6/iacTM, 
BO3HHKaf0tnne HaToiAaK, ao npueMa mu\w, 
MHorfla 6oriH nonB/injiHCb HOMbio; 3anopbi ao 
AByx AneC<, yTOM/iHeMOCTb, cnacocTb. M3 
aHaMHeaa hsboctho, hto Taxne 6onn hmbiot 
mqcto bbchoR v\ oceHbio b reneHMe 3 jiot. npn 
oGpameHMM k Bpany Ha3HaMa/iocb neneHne: 
AneTOTepannfl, cna3MonnTMKvi, 
BHTaMMHOTepanufl, anbMarenb, xanMarMH, 
4>ecTan. 

y/iymueHne cocTOflHMfl OTMe^anocb 
HesHawMTeribHoe m KpaTKOBpeMOH Hoe . 
npoBeAeHo oocneAOBaHkie o6biMHbiMM 
MGTOAaMn: o6u\m aHanna kdobh, o6iamm aHa/ina 
momm, ocmotp. npoBeABHa 0n6poracTpocKonMfl 
co B3flTneM cnn3ncToro cexpeTa xenyAKa 
CTepM/ibHbiM KaTBTepoM npn nOMOlAM 
anexTpooTcoca b KO/nmecTBe 0,4 mti. 
noTiyneHHu^ cexpeT CMeuiMBaioT b CTepH/tbHoR 
npo6npKe c 1 xanneH (ms ocpTaribMonorvmecKoPl 
nuneTKH) peaxruBa Heccnepa. B pesyAbTaTe 
nonyneH )KenTO-KopnMHeBbiW ocaAOK M3 cMecn 
(pe3K0 nojiojKMTe/ibHbifl pe3ynbTaT). 
OHAocKonnMecKn: naneHnn 3ppo3HBHoro 
aHTponnnopunecKoro racrpMTa. OKOHsaTenbHbifl 
Anamoa: xpOHHHecxnfl racTpm, 

accoi^HMpOBaHHbifl c H. pylori, <paza 

060CTD8HMn. 

npn nocTaHOBKa OKOHHaTenbHoro Anamo3a 
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H83H3M8Ha aHTM6aiaepnanbHafl Tepannfl (Ae- 
Hon, TpHXonan, oKcaumuwH b B03pacTHba 
AoavipoBKax) h AnsTOTepann« b TeMeHne 
Mecfiua. KoHTpo/ibHaa 4)n6poracTpocKonMfl, 
npoB8A6HHafl nocne oKOHMaHMfl Kypca neneHWi, 
noKa3ana i/iCHe3HOBeHne npn3H3KOB racTpma: 
BH3yanbH0 - HopMann3au,nfl coctophha 
cnnancTofl oOoncMKM KenyAKa; npn 
nccneAOBaHMM ceicpeTa xenywa no 
npeflnaraeMOMy cnoco6y OTMeseHa 
OTpw^aTenbHafl peaiqkm, mto cooTBercTByeT 
cocTonHmo 3AopoBoro MenoBeica. 

CpaBHkiTe/ibHbie AaHHbie no tomhoctm h 
npoAonxcMTe/ibHOCTM cnocooa npwBeA8Hbi b 
Ta6n. 1 m 2. TaKUM o6pa30M, KaK bhaho M3 
TaoYiuu, m npuBeABHHbix npuwiepoB, 
npeAnaraeMbifl cnoco6 AMaixocTHKM 
xpoHn^ecKoro racTpma nossonneT no 

CpaBHeHMK) C npOTOTMnOM nOBblCMTb TOMHOCTb n 
CKODOCTb AMamoCTHKM. CnOC06 aTpaBMaTM46H M 
npocr B MCnO/lHeHMM. 

Hcno/ib30BaHHbie mctohhmkw nH0opMau,nn 
1. Marshall B. Warren J. et al. Rapid 
urease test in the management of 
Campylobacter pyloridis associated gastritis 



to 



15 



"Amer.J.Gastroent." 1987, Vol. 82, N 3, 
p.200-210. 

2. n. R rpuropbeB, B.3.Arp6a, 
B.A.McaKOB, ABdenaHOB HeKOTOpbie 

OCOOeHHOCTM OHAOCKOnUMeCKOfl AHarHOCTMKM 

33BeHHO« 6one3HH vi xpoHVwecKoro racTpma, 
accoi^MMpoBaHHbix c Campylobacter pyloridis 
Tep.apxnB, 1989, t.61, N 11, c.65-69. 

3. B.fl.noHOMapeB "AHannTM^ecKafl xmmmp", 
M. Bbicmafl lUKona, 1982, nacTb 1, c.205-206. 

OopMyna M3o6peTeHM«: 

Cnoco6 fluaixocTHKM xpoHMHecKoro 
racTpma, accou>ivipoBaHHoro c Hericobacter 
pylori, BKnjonaoiMn^ BSflTbie 6noMaTepnanbi 
)KenyAKa, cMetuMBaHne ero c h hah Ka topom c 
nocneAyioiAeft onemrofl xapaiaepa OKpacm 
CMecu, 0TJinMaK)U4n^cn reM, mto b tcaMecTBe 
6nowaTepnana ncnonb3yK)T cnn3MCTbifl ceKpeT 
xenyAxa, b kotodom onpeAennioT c noMoujbio 
MHAHKaTopa HanuMMe aMMuaxa m no 
OKpawMBaHwo cMecM b jKe/iTbikl U.B6T n/nnvi 
BunaAeHMio M3 Hee ccaflKa Ana rHOCTM py k>t 
xpoHnnecKufl racTpMT accou.nMpoBaHHbiH C 
Hericobacter pylori. 
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Fulltext Word Count: 17122 
Abstract : 

...amine within a test sample is provided. For example, in one 
embodiment, a diagnostic test kit is employed that utilizes reactive 
complexes that each includes a substrate joined (e.g., covalently. . . 

...the reactive complexes, enzymes may cleave the substrate and release the 
reporter. Moreover, the test kit may also employ a chemichromic dye, 
i.e., a dye that exhibits a detectable color... 

Summary of the Invention: 

...0005] In accordance with one embodiment of the present invention, a 
diagnostic test kit for detecting an amine, enzyme, or enzyme inhibitor 
within a test sample (e.g., vaginal fluid) is disclosed. The kit 
comprises a plurality of reactive complexes that each comprises a 
substrate joined to a reporter. . . 

...a separation species. The substrate is cleavable by an enzyme to release 
the reporter. The kit further comprises a chromatographic medium that 
defines a first enzyme detection zone within which an... 

Description of the Invention: 

. . .of one embodiment of an assay device that may be used in the 
diagnostic test kit of the present invention. .. or an amine within a 
test sample. For example, in one embodiment, a diagnostic test kit is 
employed that utilizes reactive complexes that each includes a substrate 
joined (e.g., covalently... 

...the reactive complexes, enzymes may cleave the substrate and release the 
reporter. Moreover, the test kit may also employ a chemichromic dye, 
i.e., a dye that exhibits a detectable color ... separation techniques, 
magnetic separation techniques, etc. In one particular embodiment, for 
example, the diagnostic test kit contains an assay device that employs 
a chromatographic medium for separating unreacted complexes from released 
reduce the costs of the resulting diagnostic test kit for many consumer 
applications, including those in which a disposable kit is desired. 
Further, the use of a chromatographic medium also provides for a 
mechanism in. . . 

...may be simultaneously tested in a single step. That is, a user may use 
the kit to test a single sample for an enzyme (or inhibitor) and/or 
amine. .. 0072] Another example of a suitable triarylmethane dye is alpha 



- naphtholbenzein and analogs thereof. Alpha - naphtholbenzein turns 
from an orange/red color to a gray/black color upon reaction with an 
amine. Alpha - naphtholbenzein contains a hydroxyl- substituted naphthyl 
group, a carbonyl- substituted naphthyl group, and a phenyl group. 
Specifically, the structure of alpha - naphtholbenzein is ...pale 
yellow color to a blue/green color upon reaction with an amine. Similar 
to alpha - naphtholbenzein , naphthocrome green contains a 
hydroxyl -substituted naphthyl group, a carbonyl -substituted naphthyl 
group, and a... Besides diagnosing one or more types of infection in 
vaginal fluid, the method and diagnostic kit of the present invention 
may be used in any other application in which the detection. . .membrane 
(downstream from the first enzyme detection zone) to form a second enzyme 
detection zone. Alpha - naphtholbenzein (ANB) (5 milligrams per 
milliliter, Sigma-Aldrich Chemical Co., Inc.) was also striped onto the 



Exemplary or Independent Claim (s) : 

1. A diagnostic kit for detecting an amine, enzyme, or an enzyme 
inhibitor within a test sample, the kit comprising: 

a plurality of reactive complexes that each comprises a substrate 
joined to a reporter... 

.19. A diagnostic kit for detecting an amine or a hydrolytic enzyme 
within a test sample, the kit comprising: 

a plurality of reactive complexes that each comprises a substrate 
joined to a reporter... 

Non- exemplary or Dependent Claim (s) : 

2. A diagnostic test kit as defined in claim 1, wherein the enzyme is 
a protease or peptidase... 

.3. A diagnostic test kit as defined in claim 1, wherein said 
substrate is a protein, glycoprotein, peptide, nucleic acid. . . 

.4. A diagnostic test kit as defined in claim 1, wherein said 

substrate is casein, albumin, hemoglobin, myoglobin, keratin, gelatin 



.5. A diagnostic test kit as defined in claim 1, wherein said reporter 
comprises a detectable substance that is capable6. A diagnostic test 

kit as defined in claim 1, wherein said reporter comprises a 
specific binding member... 

.7. A diagnostic test kit as defined in claim 6, further comprising 
probes conjugated with a specific binding member, said. . . 

.8. A diagnostic test kit as defined in claim 1, wherein said 

separation species is a specific binding member. . . 
.9. A diagnostic test kit as defined in claim 8, wherein a receptive 

material is immobilized within said first enzymelO . A diagnostic test 
kit as defined in claim 1, wherein said separation species is a 

magnetic particle... 

.11. A diagnostic test kit as defined in claim 10, further comprising a 
magnetic device positioned adjacent to said chromatographic... 

.12. A diagnostic test kit as defined in claim 1, wherein said 

chromatographic medium further comprises a second enzyme detection. . . 



.13. A diagnostic test kit as defined in claim 12, wherein a second 



receptive material is immobilized within said secondl4 . A diagnostic 
test kit as defined in claim 12, wherein a second receptive 
material is immobilized within said second. . . 

...15. A diagnostic test kit as defined in claim 1, wherein said 
chemichromic dye is an arylmethane . . . 

...16. A diagnostic test kit as defined in claim 1, wherein said 

chemichromic dye is a triarylmethane having the f ollowing . . . 17 . A 
diagnostic test kit as defined in claim 1, wherein said 
chemichromic dye is a diary lmethane .. . 

...18. A diagnostic test kit as defined in claim 1, wherein said amine 
detection zone is positioned downstream from said. . . 

...20. A diagnostic test kit as defined in claim 19, wherein said 
reporter comprises a detectable substance that is capable... 

...21. A diagnostic test kit as defined in claim ...22. A diagnostic 
test kit as defined in claim 21, further comprising probes 
conjugated with a specific binding member, said. . . 

...23. A diagnostic test kit as defined in claim 19, wherein said 

chromatographic medium further comprises a second enzyme detection... 

...24. A diagnostic test kit as defined in claim 23, wherein said second 
detection zone is capable of capturing said25. A diagnostic test kit 

as defined in claim 19, wherein said chemichromic dye is a 
triarylmethane having the following... 

...26. A diagnostic test kit as defined in claim 19, wherein said 
chemichromic dye is a diarylme thane .. . 
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Description of the Invention: 

...restore healthy, natural, substantially neutral skin conditions. The 
system can be used as a demonstration kit in which the consumer can 
perform the test by using the components provided with the system, and 
by following instructions provided with the system. The kit can be 
distributed, mailed to consumers or can be inserted into magazines or 
publications. The system or the corresponding demonstration kit can be 
useful to highlight differences between moisture containing cleansing 
articles (and their lotions) in... Phenol red, Neutral red, Rosolic acid, 
Cresol red, alpha -Naphtholphthalein, Tropeolin 000, Thymol blue, 
Phenolphthalein, alpha - Naphtholbenzein , Thymolphthalein, Nile blue, 
Alizarin yellow, nitrazin yellow, brilliant yellow, Salicyl yellow, Diazo 
violet, Tropeolin 0. . . 
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Abstract : 

...such as 4 , 4 1 -bis (dimethylamino) -benzhydrol (Michler's hydrol or 
BDMB) , pararosaniline base and alpha - naphtholbenzein . The indicating 
agent is applied to a substrate which is then inserted into a tube... 

Summary of the Invention: 

...similar chemical structure to MH, a triamino-triphenyl -methanol dye 
such as pararosaniline base (PAB) , alpha - naphtholbenzein or any other 
dye which has high sensitivity for ammonia. The dye may change color... 

...Clark/Ballard Medical Devices of Draper, Utah for use in the existing H. 
pylori detection kits (PYtest(TM) 14C-Urea Breath Test). The use of . 
such a balloon would help ensure... 

Description of the Invention: 

...Clark/Ballard Medical Devices of Draper, Utah for use in the 
existing H. pylori detection kits (PYtest(TM) 14C-Urea Breath Test). 
Such a test balloon has a volume of about... 

...0062] The experiment was repeated using PAB-dye and alpha - 

naphtholbenzein dye instead of MH-dye. On exposure to ammonia odors, the 
dye-coated substrates were... 
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...SPECIFICATION nach farblos bei niedrigerem pH. 

Derartige Saure-Base-Indikatoren sind beispielsweise Phenolphthalein, 
Nitramin, o-Kresolphthalein, ( alpha ) - Naphtholbenzein und 
Thymolphthalein. Ein erf indungsgemas besonders geeigneter 
Saure-Base-Indikator ist Phenolphthalein. 
Der Saure-Base-Indikator. . . 



.wassrige Dispersionsf arbe , in Betracht. Derartige Beschichtungsmittel 
sind dem Fachmann grundsatzlich bekannt und beispielsweise in H. Kittel 
"Lehrbuch der Lacke und Beschichtungen" , Band 3, S. Hirzel Verlag, 2001, 
Seiten 155 bis 160... 



...CLAIMS der Saure-Base-Indikator ausgewahlt ist aus der Gruppe bestehend 
aus Phenolphthalein, Nitramin, o-Kresolphthalein, ( alpha ) - 
Naphtholbenzein und Thymolphthalein. 
5. Beschichtungsmittel nach einem der vorangegangenen Anspruche, dadurch 
gekennzeichnet , dass der Saure-Base. . . 
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Test fur Aldehyde Gehalt 

Essai pour proportion d 1 aldehyde 
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ausgewahlt aus Gummis, Agararten, Agarosen. . . 

. . . Kieselglasern, wasserloslichen Starken, Polyacrylaten, Cellulosen, 
Cellulosederivaten, Polyethylenglycolen, Polyethylenoxiden, 
Polyvinylalkoholen, Dextranen, Polyacrylamiden und Polysacchariden, 
umf assen. 

60. Kit nach Anspruch 58, wobei ein erster Gelbildner in einer oberen 
Lage der Immobilisierungsschicht vorgesehen ist und ein zweiter 
Gelbildner in einer unteren Lage der Inunobilisierungsschicht 
vorgesehen ist. 

61. Kit nach Anspruch 41, welcher ferner Konditionierungskomponenten 
benachbart zu oder innerhalb der Immobilisierungsschicht zur 
Verbesserung der Fahigkeiten zur Mikroorganismen-Detektion umf asst. 

62. Kit nach Anspruch 61, wobei die Konditionierungskomponenten 
wenigstens eines von lytischen Agentien, lytischen Enzymen, 
grenzf lachenaktiven Mitteln und Komponenten zur Neutralisation von 
Vermehrungsinhibitoren umf assen. 

63. Kit nach Anspruch 41, wobei die Sensorschicht Silicon umf asst. 

64. Kit nach Anspruch 41, wobei die Sensorschicht so konstruiert ist, 
dass sie detektierbare lokalisierte Veranderungen, die der 
Anwesenheit von Mikroorganismenkolonien in der 
Immobilisierungsschicht entsprechen, durchlauft. 

65. Kit nach Anspruch 64, wobei die Sensorschicht eine 
lichtundurchlassige Schicht ist, die sich in Gegenwart von 
Mikroorganismen von einer Farbe zu einer zweiten Farbe verandert, 
wahrend sie lichtundurchlassig bleibt. 

66. Kit nach Anspruch 64, wobei wenigstens eine der 
Immobilisierungsschicht und der Sensorschicht lichtundurchlassig ist. 

67. Kit nach Anspruch 64, wobei wenigstens eine Schicht in der 
Vorrichtung Matrices aufweist, die die Visualisierung von 
Mikroorganismenkolonien abtraglich beeinf lussen. 

68. Kit nach Anspruch 67, wobei die wenigstens eine Schicht die 
Sensorschicht mit umf asst. 

69. Kit nach Anspruch 64, wobei die Sensorschicht das Betrachten der 
Testprobe von der der Immobilisierungsschicht entgegengesetzten Seite 
des Sensors (der Sensorschicht) aus ausreichend blockiert . 

70. Kit nach Anspruch 64, wobei die Sensorschicht das Betrachten mit 
dem Auge oder das Detektieren mit... 

. . .einer Blutprobe von einem Patienten und zum Detektieren von 

Mikroorganismen in der Blutprobe mit dem Kit von Anspruch 41, 
umf as send: 

a) Einfuhren einer Nadel in einen Patienten zum Abnehmen einer Blutprobe 
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English Abstract 

...amine within a test sample is provided. For example, in one 
embodiment, a diagnostic test kit is employed that utilizes reactive 
complexes that each includes a substrate joined (e.g., covalently. . . 

...the reactive complexes, enzymes may cleave the substrate and release the 
reporter. Moreover, the test kit may also employ a chemichromic dye, 
i.e., a dye that exhibits a detectable color... 

Detailed Description 
Invention 

1 5 In accordance with one embodiment of the present invention, a 
diagnostic test kit for detecting an amine, enzyme, or enzyme inhibitor 
within a test sample (e.g., vaginal fluid) is disclosed. The kit 
comprises a plurality of reactive complexes that each comprises a 
substrate joined to a reporter. . . 

...a separation species. The substrate is cleavable by an enzyme to release 
the reporter. The kit further comprises a chromatographic medium that 
defines a first enzyme detection zone within which an... 

...of one embodiment of an assay device that may 

be used in the diagnostic test kit of the present invention; 

Fig. 2 is a graphical illustration of one embodiment for covalently... 

...or an amine within a test sample. For example, in one embodiment, a 
diagnostic test kit is employed that utilizes reactive complexes that 



each includes a substrate joined (e.g., covalently. . . 

...the reactive complexes, enzymes may cleave the 

substrate and release the reporter. Moreover, the test kit may also 
employ a chernichromic dye, i.e., a dye that exhibits a detectable color 
...separation techniques, magnetic separation techniques, etc. In one 
particular embodiment, for example, the diagnostic test kit 0 contains 
an assay device that employs a chromatographic medium for separating 
unreacted complexes from. . . 

...of a chromatographic medium may simplify and 

reduce the costs of the resulting diagnostic test kit for many consumer 
applications, including those in which a disposable kit is desired. 
Further, the use 5 of a chromatographic medium also provides for a 
mechanism. . . 

...may be simultaneously tested in a single step. That is, a user may use 
the kit to test a single sample for an enzyme (or inhibitor) and/or 
amine . 

Referring to... set forth below. 
OH 

H2N NH2 
H2N 

Another example of a suitable triarylmethane dye is alpha - 
naphtholbenzein and analogs thereof . Alpha - naphtholbenzein turns 
from an orange/red color to a gray/black color upon reaction with an 
amine. Alpha - naphtholbenzein contains a hydroxyl- substituted naphthyl 
group, a carbonyl -substituted naphthyl group, and a phenyl group. 
Specifically, the structure of alpha - naphtholbenzein is set forth 
below. 

OH- C 0 
1 5 
31 

Still another example of a... 

...pale yellow color to a blue/green color upon reaction with an amine. 
Similar to alpha - naphtholbenzein , naphthocrome green contains a 
hydroxyl -substituted naphthyl group, a carbonylsubstituted naphthyl 
group , and a phenyl . . . 

. . .Besides diagnosing one or more types of infection in vaginal fluid, the 
method and diagnostic kit of the present invention may be used in any 
other application in which the detection. . . 

. . .membrane (downstream from the first enzyme detection zone) to form a 
second enzyme detection zone. Alpha - naphtholbenzein (ANB) (5 
milligrams per milliliter, Sigma-Aldrich Chemical Co., Inc.) was also 
striped onto the. . . 

Claim 

1. A diagnostic kit for detecting an amine, enzyme, or an enzyme 
inhibitor 

within a test sample, the kit comprising: 

a plurality of reactive complexes that each comprises a substrate joined 
to a reporter. . . 

...quantity of an amine is determinable from said color change. 5 2. The 
diagnostic test kit of claim 1, wherein said separation species is a 



specific binding member. 

3 The diagnostic test kit of claim 2, wherein a receptive material is 
im ) mobilized within said first enzyme detection zone that has an 
affinity for said 

specific binding member. 

4 The diagnostic test kit of claim 1, wherein said separation species 
is a 

magnetic particle. 

5 The diagnostic test kit of claim 4, further comprising a magnetic 
device positioned adjacent to said chromatographic medium to immobilize 
said magnetic 

particle within a separation zone. 

6 The diagnostic test kit of any of the preceding claims, wherein said 
substrate is a protein, glycoprotein, peptide, nucleic acid, 
carbohydrate, lipid, ester, 

or derivative thereof. 

7 The diagnostic test kit of claim 6, wherein said substrate is casein, 
albumin, hemoglobin, myoglobin, keratin, gelatin, insulin, proteoglycan, 
f ibronectin, 

laminin, collagen, elastin, or a derivative thereof. 

8 The diagnostic test kit of any of the preceding claims, wherein said 
reporter comprises a detectable substance that is capable of directly 
generating said enzyme detection signal. 

44 

. The diagnostic test kit of any of the preceding claims, wherein said 

reporter comprises a specific binding member. 1 0. The diagnostic test 

kit of claim 9, further comprising probes conjugated with a specific 

binding member, said probes comprising. . . 

.or 12, wherein the test sample is obtained from 

vaginal fluid. 

14 The diagnostic test kit or method of any of the preceding claims, 
wherein the enzyme is a protease or peptidase. 

15 The diagnostic test kit or method of any of the preceding claims, 
wherein an arylmethane chernichromic dye is contained within said amine 
detection zone. 

16 The diagnostic test kit or method of claim 15, wherein said 
arylmethane 

is a triarylmethane having the following general... 

.and R" are independently selected from substituted and 
unsubstituted aryl groups . 

17 The diagnostic test kit or method of claim 15, wherein said 
arylmethane 

45 

is a diarylmethane . 

18 The diagnostic test kit or method of any of the preceding claims, 
wherein said amine detection zone is positioned downstream from said 
enzymedetection zone . 

19 The diagnostic test kit or method of any of the preceding claims, 



wherein the quantity of an enzyme within. 



. . .or inversely 

proportional to the intensity of said enzyme detection signal. 

20 The diagnostic test kit of any of the preceding claims, wherein said 
chromatographic medium further comprises a second enzyme... 
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... restore healthy, natural, substantially neutral skin conditions. The 
system can be used as a demonstration kit in which the consumer can 



perform the test by using the components provided with the system, and by 
following instructions provided with the system. The kit can be 
distributed, mailed to consumers or can be inserted into magazines or 
publications. The system or the corresponding demonstration kit can be 
useful to highlight differences between moisture containing cleansing 
articles (and their lotions) in. . . 

...Phenol red, Neutral red, Rosolic acid, Cresol red, 
alpha-Naphtholphthalein, 

Tropeolin 000, Thymol blue, Phenolphthalein, alpha - Naphtholbenzein , 
Thymolphthalein, Nile blue, Alizarin yellow, nitrazin yellow, brilliant 
yellow, Salicyl yellow, Diazo violet, Tropeolin 0... 
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DIALOG (R) File 34 9:PCT FULLTEXT 
(c) 2006 WIPO/Univentio. All rts. reserv. 

01331010 

COMPOSITIONS AND METHODS OF USING ANGIOPOIET IN-LIKE 4 PROTEIN 

COMPOSITIONS ET METHODES D 1 UTILISATION DE LA PROTEINE 4 ANALOGUE A 
L 'ANGIOPOIET INE 

Patent Applicant /Assignee : 

GENENTECH INC, 1 DNA Way, South San Francisco, CA 94080-4990, US, US 
(Residence), US (Nationality), (For all designated states except: US) 
Patent Applicant/ Inventor : 

BUNTING Stuart, 220 Miramontes Avenue, Half Moon Bay, CA 94019, US, US 

(Residence) , GB (Nationality) , (Designated only for: US) 
GERBER Hans-Peter, 1121 Tennessee Street #5, San Francisco, CA 94107, US, 

US (Residence), CH (Nationality), (Designated only for: US) 
XIAO Huan Liang, 24 Pelican Lane, Redwood City, CA 94065, US, US 
(Residence) , US (Nationality) , (Designated only for: US) 
Legal Representative : 

PLEASURE Irene T (agent) , Genentech, Inc, MS 49, 1 DNA Way, South San 
Francisco, CA 94080, US 
Patent and Priority Information (Country, Number, Date) : 

Patent: WO 200614678 A2 20060209 (WO 0614678) 

Application: WO 2005US25650 20050719 (PCT/WO US2005025650) 

Priority Application: US 2004589875 20040720 
Designated States: 

(All protection types applied unless otherwise stated - for applications 
2004+) 

AE AG AL AM AT AU AZ BA BB BG BR BW BY BZ CA CH CN CO CR CU CZ DE DK DM 
DZ EC EE EG ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KM KP KR KZ 
LC LK LR LS LT LU LV MA MD MG MK MN MW MX MZ NA NG NI NO NZ OM PG PH PL 
PT RO RU SC SD SE SG SK SL SM SY TJ TM TN TR TT TZ UA UG US UZ VC VN YU 
ZA ZM ZW 

(EP) AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HU IE IS IT LT LU LV MC NL 
PL PT RO SE SI SK TR 

(OA) BF BJ CF CG CI CM GA GN GQ GW ML MR NE SN TD TG 

(AP) BW GH GM KE LS MW MZ NA SD SL SZ TZ UG ZM ZW 

(EA) AM AZ BY KG KZ MD RU TJ TM 
Publication Language: English 
Filing Language: English 
Full text Word Count: 41423 

Fulltext Availability: 
Detailed Description 

Detailed Description 

markers include, procollagen type III peptide levels (PIIIP) to assess 
if hepatic fibrogenesis is active; ammonia blood levels in 
hepatoencephalopathies; ligand in levels in necrosis and hepatoma; 



hyaluronate levels due to hepatic endothelial cell damage; 
a-l-f etoprotein (APP) levels to detect hepatoma; carcinoembryonic 
antigen (CEA) levels to detect cancer metastasis to the liver; elevations 
of antibodies .are disclosed in Remington ! s Pharmaceutical Sciences, 
16th edition, Oslo, A., Ed., (1980). 

Liposomes and Nanoparticles 

Polypeptides of the invention cane me formulated in liposomes. For 
example, antibodies of the invention... 

...Martin et al, J. Biol. Chenz . 257: 286-288 (1982) via a disulfide 

interchange reaction. Nanoparticles or nanocapsules can also be used to 
entrap the polypeptides of the invention. In one embodiment, a 
biodegradable polyalky-cyanoacrylate nanoparticles can be used with the 
polypeptides of the invention. 

Other Uses 

The anti -ANGPTL4 antibodies ... of ANGPTL4, agonist or antagonist for a 
disorder described herein. The instructions included with the kit 
generally include information as to dosage, dosing schedule, and route of 
administration for the treatment ... 4) . 

Example 4 : Variant of Angptl4 

A variant ANGPTL4 was made using a standard mutagenesis kit (e.g., 
QuikChange XL Site-Directed Mutagenesis Kit (Invitrogen, Carlsbad, 
California)) following the manufacturer's protocol. Two amino acid 
substitutions were made in... 

. ..Isotyping Assay: The Serum Immunoglobulin Isotyping Assay was performed 
using a Cytometric Bead Array (CBA) kit . This assay was used to rapidly 
identify the heavy and light chains isotypes of a... 
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DIALOG (R) File 34 9:PCT FULLTEXT 
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01210597 **Image available** 

USE OF PHOSPHOPHORYN FOR INDUCING BIOMINERALIZATION AND BONE REGENERATION 
METHODS PERMETTANT D 1 INDUIRE LA B IOMINERAL I SAT I ON , METHODE PERMETTANT 
D 1 INDUIRE LA REGENERATION OSSEUSE ET METHODES ASSOCIEES 

Patent Applicant/Assignee: 

UNIVERSITY OF PITTSBURGH OF THE COMMONWEALTH SYSTEM OF HIGHER EDUCATION, 
200 Gardner Steel Conference Center, Pittsburgh, Pennsylvania 15260, US 
, US (Residence), US (Nationality), (For all designated states except: 
US) 

CARNEGIE MELLON UNIVERSITY, Innovation Transfer Center, 4615 Forbes 
Avenue, Suite 302, Pittsburgh, Pennsylvania 15213-3890, US, US 
(Residence), US (Nationality), (For all designated states except: US) 
Patent Applicant/ Inventor : 

SFEIR Charles, 2413 Traci Drive, Pittsburgh, PA 15237, US, US (Residence) 
, US (Nationality), (Designated only for: US) 

CAMPBELL Phil, 2 Reedmoor Lane, Pittsburgh, Pennsylvania 16066, US, US 
(Residence) , US (Nationality) , (Designated only for: US) 

JADLOWIEC Julie A, 392 Friday Road, Pittsburgh, PA 15209, US, US 
(Residence), US (Nationality), (Designated only for: US) 

KUMTA Prashant, 125 ValleyView Drive, Pittsburgh, Pennsylvania 15215, US, 
US (Residence), US (Nationality), (Designated only for: US) 
Legal Representative: 

HEFNER Daniel M (agent), Leydig, Voit & Mayer, Ltd., Two Prudential 



Plaza, Suite 4900, 180 North Stetson Avenue, Chicago, Illinois 
60601-6780, US, 
Patent and Priority Information (Country, Number, Date) : 

Patent: WO 200516368 A2-A3 20050224 (WO 0516368) 

Application: WO 2004US27076 20040819 (PCT/WO US04027076) 

Priority Application: US 2003496245 20030819 
Designated States: 

(All protection types applied unless otherwise stated - for applications 
2004+) 

AE AG AL AM AT AU AZ BA BB BG BR BW BY BZ CA CH CN CO CR CU CZ DE DK DM 
DZ EC EE EG ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC 
LK LR LS LT LU LV MA MD MG MK MN MW MX MZ NA NI NO NZ OM PG PH PL PT RO 
RU SC SD SE SG SK SL SY TJ TM TN TR TT TZ UA UG US UZ VC VN YU ZA ZM ZW 
(EP) AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HU IE IT LU MC NL PL PT RO 
SE SI SK TR 

(OA) BF BJ CF CG CI CM GA GN GQ GW ML MR NE SN TD TG 

(AP) BW GH GM KE LS MW MZ NA SD SL SZ TZ UG ZM ZW 

(EA) AM AZ BY KG KZ MD RU TJ TM 
Publication Language: English 
Filing Language: English 
Fulltext Word Count: 24293 

Fulltext Availability: 
Detailed Description 

Detailed Description 

... under physiological conditions. All of the above variants of the 
ceramic in the form of nanoparticles or nanocrystalline particles or 
amorphous nanosized particles or gels can be chemically complexed with 
the . . . 

...to a,03 integrin (anti-cc,03) was obtained from Chemicon (Temecula, CA) . 
OCN ELISA kit was obtained from Zymed Laboratories (San Fransisco, CA) . 
PBS, ALP assay kits, alizarin red-S... 

...Sigma Diagnostics, Inc. Total protein assay kits were obtained from 
Bio-Rad (Hercules, CA) . RNeasy Kit and DNase I were obtained from 
Qiagen (Valencia, CA) . RiboGreen Kit was obtained from Molecular Probes 
(Eugene, OR) . All quantitative real time PCR reagents, primers and. . . 

. . .up-regulates osteoblast marker genes. 

3 0 [001201 Total RNA was extracted using the RNeasy Kit with DNase I 
treatment according to the manufacturer's protocol. RNA content was 
determined using the RiboGreen RNA Quantification Kit . Conventional RNA 
quantification using 260/280 absorbance readings proved to be too 
imprecise to match. .. thawed cell lysates were incubated with 200 pL ALP 
10 reagent from the Sigma Diagnostics Kit for 30 minutes at 37* C. An 
initial absorbance reading (time 0) was taken at... 

. . .analysis (EDAX) . 

The 21 day cultured cells were washed with de-ionized water diluted with 
ammonia to prevent dissolution of any of the mineralized phases. 

1 5 [001621 X-ray analysis allows the detection of calcium phosphate 
phases which indicates the possibility of hydroxyapatite (HA) and/or 
brushite formation. . . 
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DIALOG (R) File 34 9:PCT FULLTEXT 

(c) 2006 WIPO/Univentio. All rts. reserv. 



01181005 

PROTEINS, SENSORS , AND METHODS OF CHARACTERIZING ANALYTES USING THE SAME 
PROTEINES t CAPTEURS ET PROCEDES DE CARACTERI SAT ION DE SUBSTANCES A ANALYSER 
UTILISANT CES PROTEINES ET CES CAPTEURS 

Patent Applicant/Assignee: 

UNIVERSITY OF MARYLAND BALTIMORE COUNTY, 1000 Hilltop Circle, Baltimore, 
MD 21250, US, US (Residence), US (Nationality), (For all designated 
states except: US) 
Patent Applicant/ Inventor : 

TOLOSA Leah, 2 Pool side Court, 1-C, Catonsville, MD 2122 8, US, US 

(Residence), PH (Nationality), (Designated only for: US) 
RAO Govind, 10401 Northdale Road, Columbia, MD 21044, US, US (Residence), 

US (Nationality) , (Designated only for: US) 
GE Xudong, 912 Hooper Avenue, Apt. D, Baltimore, MD 2122 9, US, US 
(Residence), CN (Nationality), (Designated only for: US) 
Legal Representative: 

VAZQUEZ Rene A (et al) (agent), Fleshner & Kim, LLP, P.O. Box 221200, 
Chantilly, VA 20153-1200, US, 
Patent and Priority Information (Country, Number, Date) : 

Patent: * WO 2004101769 A2-A3 20041125 (WO 04101769) 

Application: WO 2004US6276 20040301 (PCT/WO US04006276) 

Priority Application: US 2003469560 20030509 
Designated States: 

(All protection types applied unless otherwise stated - for applications 
2004+) 

AE AG AL AM AT AU AZ BA BB BG BR BW BY BZ CA CH CN CO CR CU CZ DE DK DM 
DZ EC EE EG ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC 
LK LR LS LT LU LV MA MD MG MK MN MW MX MZ NA NI NO NZ OM PG PH PL PT RO 
RU SC SD SE SG SK SL SY TJ TM TN TR TT TZ UA UG US UZ VC VN YU ZA ZM ZW 
(EP) AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HU IE IT LU MC NL PL PT RO 
SE SI SK TR 

(OA) BF BJ CF CG CI CM GA GN GQ GW ML MR NE SN TD TG 

(AP) BW GH GM KE LS MW MZ SD SL SZ TZ UG ZM ZW 

(EA) AM AZ BY KG KZ MD RU TJ TM 
Publication Language: English 
Filing Language: English 
Fulltext Word Count: 25251 



Fulltext Availability: 
Detailed Description 



Detailed Description 

may be any desirable form or shape including one or more of disk, 
cylinder, patch, nanoparticle , microsphere, porous polymer, open cell 
foam, providing it is permeable to analyte. The matrix additionally... 

...and dip or spin coating) one can obtain matrices in various 

configurations (e.g., granulates, nanoparticles , microparticles , 
monoliths, and thick and thin films) suitable for ih i)itro and ili i4vo 



..spin coating) one can obtain aerogel or xerogel -matrices in various 
configurations (e.g., granulates, nanoparticles , microparticles, 
monoliths, and thick and thin films) suitable for use itz vitro and hi 
vivo...IL). SSJ, PstI restriction enzymes were purchased from Invitrogen 
Life Technologies. The Quick-Change mutagenesis kit was obtained from 
Stratagene (Cedar Creek, TX) . 



49 

Consftuofion of tl)e Plasmid 
The plasmid. . . 

..mutant. The single-cysteine mutation at position 255 was accomplished 
using the Quick-Change mutagenesis kit from Stratagene. The 5 1 
primer used for the mutagenesis was GCACTGGCGGGCACCGTATGCAACGATGC 
TAACAACC (SEQ ID NO... 

..making 5-mL overnight cultures, and the plasmids were then extracted 
using QlAprep Spin Miniprep Kit from Qiagen. The DNA gel (not shown) 
confirmed the existence of the desired restriction sites ... complicated 
process. The YSI glutan-iine biosensor is a glutarninase and glutamate 
oxidase dual enzyme sensor (www.ysi.com, which is incorporated by 
reference herein) . 

The glutan-linase converts glutan-Line to glutamate and ammonia . The 
glutamate thus produced is then oxidized by glutamate oxidase to 
(x-ketoglutarate, ammonia , and hydrogen peroxide. The hydrogen peroxide 
that is released is detected at the platinum electrode. Since glutamate 
oxidase can also detect the glutamate that is already present in the 
media, the reading of the glutamine sensor. . . 
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METHOD OF TREATING CANCER WITH AZASPIRANE COMPOSITIONS 

METHODE DE TRAITEMENT DU CANCER A L 1 AIDE DE COMPOSITIONS A BASE 
D 1 AZASPIRANE 

Patent Applicant/Assignee: 

CALLISTO PHARMACEUTICALS INC, 420 Lexington Avenue, Suite 2500, New York, 
NY 10170, US, US (Residence) / US (Nationality), (For all designated 
states except : US) 
Patent Applicant/ Inventor : 

PICKER Donald H, 66 Jamestown Road, Basking Ridge, NJ 07920, US, US 

(Residence), US (Nationality), (Designated only for: US) 
HENSON Geoffrey W, 6128 N. Beulah Avenue, Ferndale, WA 98248, US, US 

(Residence), US (Nationality), (Designated only for: US) 
FRICKER Simon, 5882 237A Street, Langley, British Columbia V2Z 1A6, CA, 

US (Residence), GB (Nationality), (Designated only for: US) 
SHAILUBHAI Kunwar, 2707 Baldeagle Circle, Norristown, PA 19403, US, US 

(Residence), US (Nationality), (Designated only for: US) 
JACOB Gary S, 12541 Mason Forest Drive, Creve Coeur, MO 63141, US, US 
(Residence), US (Nationality), (Designated only for: US) 
Legal Representative: 

SHARER Paul L (et al) (agent), Pillsbury Winthrop LLP, P.O. Box 10500, 
McLean, VA 22102, US, 
Patent and Priority Information (Country, Number, Date) : 

Patent: WO 200480408 A2-A3 20040923 (WO 0480408) 

Application: WO 2004US7144 20040310 (PCT/WO US04007144) 

Priority Application: US 2003452951 20030310; US 2003474929 20030603 
Designated States: 

(All protection types applied unless otherwise stated - for applications 
2004+) 

AE AG AL AM AT AU AZ BA BB BG BR BW BY BZ CA CH CN CO CR CU CZ DE DK DM 
DZ EC EE EG ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC 
LK LR LS LT LU LV MA MD MG MK MN MW MX MZ NA NI NO NZ OM PG PH PL PT RO 



RU SC SD SE SG SK SL SY TJ TM TN TR TT TZ UA UG US UZ VC VN YU ZA ZM ZW 
(EP) AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HU IE IT LU MC NL PL PT RO 
SE SI SK TR 

(OA) BF BJ CF CG CI CM GA GN GQ GW ML MR NE SN TD TG 

(AP) BW GH GM KE LS MW MZ SD SL SZ TZ UG ZM ZW 

(EA) AM AZ BY KG KZ MD RU TJ TM 
Publication Language: English 
Filing Language: English 
Full text Word Count: 13 804 

Full text Availability: 
Detailed Description 
Claims 

Detailed Description 

other ingredients known to facilitate administration and/or enhance 
uptake. Other formulations, such as microspheres, nanoparticles , 
liposomes, and immunologically-based systems may also be used in 
accordance with the present invention. . .healthy balance between 
proliferation and apoptosis in the subject ! s population of enterocytes . 

[0070] A kit may be provide for treating cancer comprising a Compound 
represented by Formula I and instructions for a dosage regimen. In 
addition, the kit may comprising discrete quantities of the compound as 
well as notes/recommendations on how to... 

. . .Cell proliferation was measured by WST- I dye conversion to Fonnazan 
assay using the proliferation kit from BioVision, CA. The procedure 
used was essentially as described in the manufacture's instructions... 

. . .apoptotic DNA was isolated from these cells following the instructions 
of the DNA fragmentation analysis kit (Boehringer Mannheim Corp., 
Indianapolis, IN). The apoptotic DNA was evaluated using 1.5 % agarose 
gel . . . 

...by resuspending cells in 200 gl (- 1 08 cells) of lysis buffer provided 
in the kit . Cell debris was removed by centrifugation at I 0,000 x g 
for 3 0 . . . 

...and was found to be 98.0% (60F254 silica gel plate; eluted in 

dichloromethane : methanol: ammonia 80:18:2; detected with an Isomess 
IM3 016 radio-TLC analyzer or Phosphor Imager SF) . 

N 

[0087] Three healthy ... Cell proliferation was measured by WST-1 dye 
conversion to Fonnazan assay using a proliferation kit from BioVision, 
CA. The procedure used was essentially the same as described in the 
manufacture . . . 

Claim 

... R4 together with the nitrogen represent at least a 4 -member 
heterocyclic group. 

17 A kit for treating cancer comprising administering to a mammal a 
therapeutically effective amount of a compound... 

...least a 4-member heterocyclic group; and instructions on a dosage 

regimen. I S. The kit of claim 17 wherein the compound is provided in 
discrete quantities. 



19 The kit of claim 17 wherein the kit is designed for administration 
to humans . 



20 The kit of claim 17 wherein the instruction provide notations 

specific to certain types of cancer. 

4 
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01106090 

MOLECULAR ARRAYS AND SINGLE MOLECULE DETECTION 
RESEAUX MOLECULAIRES ET DETECTION DE MOLECULE UNIQUE 

Patent Applicant/Assignee: 

THE CHANCELLOR MASTER AND SCHOLARS OF THE UNIVERSITY OF OXFORD, The 
University Offices, Wellington Square, Oxford OX1 2JD, GB, GB 
(Residence), GB (Nationality), (For all designated states except: US) 
Patent Applicant/ Inventor : 

MIR Kalim, University of Oxford, The Wellcome Trust Centre for Human 
Genetics, Human Genetics, Roosevelt Drive, Oxford 0X3 7BN, GB, GB 
(Residence), GB (Nationality), (Designated only for: US) 
Legal Representative : 

MASCHIO Antonio (et al) (agent) , D Young & Co, 21 New Fetter Lane, London 
EC4A IDA, GB, 

Patent and Priority Information (Country, Number, Date) : 

Patent: WO 200427093 Al 20040401 (WO 0427093) 

Application: WO 2003GB4041 20030919 (PCT/WO GB03004041) 

Priority Application: GB 200221792 20020919; GB 200222412 20020926 

Designated States: 

(Protection type is "patent" unless otherwise stated - for applications 
prior to 2004) 

AE AG AL AM AT AU AZ BA BB BG BR BY BZ CA CH CN CO CR CU CZ DE DK DM DZ 
EC EE EG ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC LK 
LR LS LT LU LV MA MD MG MK MN MW MX MZ NI NO NZ OM PG PH PL PT RO RU SC 
SD SE SG SK SL SY TJ TM TN TR TT TZ UA UG US UZ VC VN YU ZA ZM ZW 
(EP) AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HU IE IT LU MC NL PT RO SE 
SI SK TR 

(OA) BF BJ CF CG CI CM GA GN GQ GW ML MR NE SN TD TG 

(AP) GH GM KE LS MW MZ SD SL SZ TZ UG ZM ZW 

(EA) AM AZ BY KG KZ MD RU TJ TM 
Publication Language: English 
Filing Language: English 
Fulltext Word Count: 59626 

Fulltext Availability: 
Detailed Description 
Claims 

Detailed Description 

particle labels. Anal Biochern. 2002 Oct 1; 309 (1) : 109-116) or by 
labeling with nanoparticles and a number of techniques have been 
developed that can start with a single molecule .. .or a combination of 
single f luorophores . 

In another embodiment the labelling scheme involves labelling with 
nanoparticles . Gold nanoparticles which are optically active and 
electronically active and can be made 1.4nm in diameter... 

. . .dendrimer encodes a different base which is co-synthesized. The method 
also provides tags comprising nanoparticles carrying different surface 



or internal detectable groups that can be quantitatively detected. 



The invention also provides tags that are composed of a string of beads, 
for example gold nanoparticles . The invention also provides tags that 
are composed of polymers of various lengths, the length... a single 
fluorescent dye molecule. 

Figure 9. 

Oligonucleotide target labelled with a 20nl 

4 Fluosphere nanoparticle (Molecular Probes) hybridised to 
complementary molecules within a spot of a single molecule array. 
Individual nanoparticles are easily detectable distinguishable and 
therefore can easily be counted. Imaging was with 40X dry. . . 

...enable interrogation using various methods. Suitable labels include: 
optically active dyes, such as fluorescent dyes; nanoparticles such as 
f luorospheres and quantum dots; and surface plasmon resonant particles 
(PRPs) or resonance light... from a single molecule assay can, for 
example, be amplified by labelling with dye loaded nanoparticles , or 
multi-labelled dendrimers or PRPs/SPRs. Raman spectroscopy is another 
means for achieving high sensitivity. 

Plasmon resonant particles (PRPs) are metallic nanoparticles which 
scatter light elastically with remarkable efficiency because of a 
collective resonance of the conduction. . . 

...spectrum. The magnitude, peak wavelength and spectral bandwidth of the 
plasmon resonance associated with a nanoparticle are dependent on a 
particle's size, shape and material composition, as well as local... 

...can be used to label a molecule of interest. 

SERS [Surf ace -enhanced Raman Scattering on nanoparticles exploit rarnan 
vibrations on metallic nanoparticles of the single molecules themselves 
to amplify their spectroscopic signatures. 

Further, many of these techniques... 
. . .use of dye molecules encounters the problems of photobleaching and 
blinking. Labelling with dye- loaded nanoparticles or surface plasnion 
resonance (SPR) particles reduces the problem. However a single dye 
molecule will... then these would be useful for encoding oligonucleotides 
for single molecule analysis. Fluorescently labelled latex nanoparticles 

are available from Sigma. Polystyriene beads loaded with dyes are 
available from molecular probes and. . . 

...combination could be deconvoluted . Diversity could be increased by 
covering the QDs or dye loaded nanoparticles with a different 
characteristic that can be measured e.g. different types of functional 
groups . . . 

...e.g. Kolodny et al . , 2001, Anal Chem. 73: 1959-1966). Similarly PRIs or 
SERS nanoparticles can be employed in many of these ways. Recently... 
phosphate and a 3' Puromycin.The ligated products are in vitro 
translatedin rabbit reticulocyte lysate kit (Ambion) for 30 minutes. 
The solution is adjusted to 150mM MagCI2 and 425mM KCLto promote... 
individually resolvable but then the array may be f unctionalised so that 
the molecules that are detected are far enough apart to be individually 
resolved. This can be done as described above by destructive ammonia 
treatment. Alternatively, only a fraction of the molecules, each far 



enough from the other to. . . 

. . .provided in List A. 

The probes may be linked with labels such as 20nM Fluosphere 
nanoparticles before binding to arrayed DNA or alternatively they may be 
biotinylated and and streptavidin linked Semiconductor Nanoparticles 
can bind to them before or after the DNA is arrayed on the surface, 4 5 
degrees C for I hour in Quantum Dot buffer is sufficient for this. The 
nanoparticles can be reacted with lmg/ml BSA or caesin or other 
appropriate blocking mix solution. . . 

. . .provided by vendor Wash in PBS/Tween followed by PBS wash. Visualize DNA 
and fluorescent nanoparticles captured and horizontalised on the array. 

Probing followed by horizontalisation 
The target DNA can be . . . 

...labels such as 20 DM Fluospheres. 

Alternatively they may be biotinylated and streptavidin linked 
Semiconductor Nanoparticles can bind to them before or after the DNA is 
arrayed on the surface, 45... 

. . .by by 72 C for 1 0 minutes 

Purify digested DNA using a commercial purificaton kit (Zymo Research's 
DNA clean and 

Concentrator) as per supplied protocol 
Cot I DNA can. .. repetitive sequence. 

Cot-1 DNA (Gibco BRL) is labelled with biotin using Biotin Chem-Link kit 

(Boehringer Mannheim) or photoprobe Biotin Kit (Vector Laboratories) 
as per manufacturs protocol and purified with Sepahdex G50 
Columns (Amersham. Pharmacia) as . . . 

...separation is repeated, and then the target DNA supernatent is purified 
using a QlAex II kit (Qiagen) . 

In situ Blocking of Cot-1 fraction 
Add 25-125ug (or 100 fold excess... 

...primers using reagents for Spectral Genomics (SG) (Houston, Texas) Human 
BAC array and BioPrinie labelling kit form Gibco/BRL. 
Add SG Sterile Water(orange vial) to xul (at least I OOng. . . 

. . .using branched phosphoramidites (MWG 
Biotech, Germany) 

There are two approaches for the use of streptavidin nanoparticles 
(Quantum Dot Corp, USA) to label probe oligonucleotides. 

A Hybridise biotinylated oligonucleotide to DNA and then add streptavidin 
coated 
nanoparticle or 

B Complex streptavidin- nanoparticle to biotinylated oligonucleotide and 
hybridise to DNA In Method A there will be no steric hindrance by 
nanoparticles to hybridisation of the oligonucleotide to the target DNA. 
However, even though the oligonucleotide is coupled to the nanoparticle 
before hybridisation, in method B, it is not too different a situation to 
DNA binding to oligonucleotides bound to a surface in microarrays, which 
obviously works. 



Preferably the nanoparticles need to be coupled to the oligonucleotide 
probes in advance of hybridisation, as in method. . . 

...that substantially all the beads become attached with oligonucleotide 
(one should estimate the amount of nanoparticle and add oligonucleotide 
at e.g. 1000-10,000 excess) then unreacted oligonucleotide needs to... 

...This can be done in the presence of BSA and/or other blockers. 

Alternatively the nanoparticle oligonucleotide can be reacted with 
lambda before combing. If this is done then, before combing... 

...1000 (Clontech, USA) which can separate the long DNA target fragment 
from smaller products. 

io Nanoparticle can be reacted with lmg/ml BSA/Caesin solution to avoid 
absorption of the beads... 

...labeled with a simple random-priming protocol based on Gibco/BRL' s 
Bioprime DNA Labeling kit , though nick translation protocols work too. 
I routinely use the BioPrime labeling kit (Gibco/BRL) as a convenient 
and inexpensive source of random octamers, reaction buffer, and high 
concentration klenow (do not use the dNTP mix provided in the kit ) , 
though other sources of random primers and high concentration klenow work 
as well. 

1 . Add . . . 

. . .DNA should be cleaned up by phenol/chlorof on-n extraction / EtOH 
precipitation (Qiagen PCR purification kit also works well) . 

3o 2. Add ddH20 or TE 8 . 0 to bring the total... 

...50 units/ul) , available through NEB or Gibco/BRL (as part of the 
BioPrime labeling kit ) , produces better labeling. 

6. Incubate 37 degrees C for 1 to 2 hours, then stop. . .with a 10OW 
mercury lamp can be used. Where the analysis is with AFM, then 
nanoparticles of different sizes cna be used for labelling, analysis 
will be with tapping mode in. . . 

. . .or alternatively carries a single biotin molecucle or is arninated for 
attachment to single beads . nanoparticles . 

In a modification, the cDNAs are labelled with incorporation of ddNTPs so 
that short fragments . . . 

...are available as drop-ins for MetaMorph software. When the single 

molecules are labeled with nanoparticles the camera and objectives may 
be of a lower grade. 

Total Internal Reflection Microscopy (TIRF. .. silver ions are reduced by 
hydroquinone to silver metal at the surfaces of the gold nanoparticles . 

Adding gold particles with a positively charges surface coating such as 
lysine which bind by. . . 

Claim 

according to claim 15 or claim 16 wherein the label is a 
non- fluorescent molecule, nanoparticle or nanorod. 

19 A method according to any one of claims 1 to 18 wherein. . . 



...chemistry. 128. A method according to claim 126 wherein the tag is 
selected from a nanoparticle , a nanorod and a quantum dot. 129. A 
method according to any one of claims... 
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Detailed Description 

Detailed Description 

... or to assess changes in tumor size or extent during treatment. 

Also disclosed is a kit for use in inhibiting growth of cancer cells in 
a io mammalian subject. The kit has a pharmaceutical composition 
containing urease 

enzyme, and instructional materials teaching the administration of the... 
1 @Lm) may be designed using polymers able to be degraded in vivo. 
Biodegradable polyisobutylcyanoacrylate nanoparticles that meet these 
requirements are contemplated for use in the present invention, and such 
particles . . . 



.al. 



(2001) Int J Pharm 214(1-2) :13 Methods of preparing 

polyalkyl-cyano-acrylate nanoparticles containing biologically active 

substances and their use are 

34 

described in U.S. Pat. Nos...and diagnosis of various cancer types. Kits, 
as described below, are also contemplated, wherein the kit comprises a 
dosage form of a 
59 

pharmaceutical composition and a package insert containing instructions 



...effective to reach the tumor site. The urease hydrolyzes the labelled 
urea to produce labelled ammonia , which could be detected on the 
scan. 

VI. Kits 

In still another aspect, this invention provides kits for inhibiting... 

...the use of active agents for inhibiting tumor cell growth. 

Thus, in one embodiment, the kit includes a pharmaceutical composition 
containing an active agent, preferably a urease enzyme, and instructional 
materials . . . 
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Detailed Description 

assess oxidative stress or early cancer detection. 

In a preferred embodiment of the invention, a kit for detecting acetone 
in a sample includes an acetone- specif ic enzyme system and a housing 
single disposable unit within the kit . 

The present invention also provides a secondary alcohol dehydrogenase 
enzyme that is a protein obtained. . .as used herein, indicates 
platinum-coated carbon, for example at least partially platinum-coated 
carbon nanoparticles . 

"Photometric," as used herein, indicates any detection mode in which 
photons are . . .among the most commonly used in clinical chemistry (Carr 
and Bowers, 1980) . A commercially available kit uses the dye Amplex Red 
for fluorescence detection of H202 (Haugland, 2002) . 

Any fluorescent dyes... yield for this reaction is very high; 10-14 mol 
ATP can be detected. A kit for this reaction is commercially available 
(Haugland, 2002). Because luciferase is the enzyme that causes... by TD 
Rhines and MA Arnold, Fiber-optic biosensor for urea based on sensing of 
ammonia gas, Anal Chim. Acta, 1989, 227:387; several enzyme-based 
amperometric NH4+ sensors are commercially available. For acetone 
40 

detection , ammonia production can be coupled to the secondary alcohol 
dehydrogenase system as above; ammonia concentration would then be 
proportional to acetone concentration. Another enzyme scheme to couple 
acetone to. . .of Toray carbon paper (porous carbon paper) or cloth, loaded 
with 20% (w/w) platinum nanoparticles (these platinum particles are 
nanonoparticles deposited on carbon; the platinum nanoparticleloaded 
paper or cloth was purchased from ETEK Division of De Nora North America, 
i 0... carbon cloth or paper to which was bound highly conductive graphite 
particle loaded with platinum nanoparticles (1 0 to 20% (w/w) loading) . 
The cloth or paper was hole-punched ...correlating acetone production 
with blood bioavailability of a drug of interest. 

Also contemplated is a kit for detecting acetone in a sample comprising 
the acetone-specific enzyme system separate from, or... 



Claim 

... 31, wherein the medical condition being monitored is diabetes or 
weight loss . 

33 A kit for detecting acetone in a sample, the kit comprising at 
least one acetonespecif ic enzyme system which includes an enzyme that 
selectively targets acetone... 

. . .mediator; and a housing for the at least one acetone-specific enzyme 
system. 

34 The kit according to claim 33 further containing a disposable test 
strip upon which the acetone-specific enzyme system is disposed. 

123 

. The kit according to claim 34, wherein the strip is separate from the 
housing such that the be introduced. 

36 The kit according to claim 34, wherein the strip and the housing for 
the strip are fashioned... 
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Detailed Description 

Detailed Description 

as used herein, indicates platinum-coated carbon, for example at least 
partially platinum- coated carbon nanoparticles . 

"Photometric," as used herein, indicates any detection mode in which 
photons are utilized and includes ... among the most commonly used in 
clinical chemistry (Carr and Bowers, 1980) . A commercially available kit 

uses the dye Amplex Red for fluorescence detection of H202 (Haugland, 
2002) . 

Any fluorescent dyes... yield for this reaction is very high; 10-14 mol 
ATP can be detected. A kit for this reaction is commercially available 
(Haugland, 2002). Because lucif erase is the enzyme that causes... by TD 
Rhines and MA Arnold, Fiber-optic biosensor for urea based on sensing of 
ammonia gas, Anal Chim. Acta, 198% 227:387; several enzyme-based 
amperometric NH4+ sensors are commercially available. For acetone 
detection , ammonia production can be coupled to the secondary alcohol 
dehydrogenase system as above; ammonia concentration would then be 
proportional to acetone concentration. Another enzyme scheme to couple 
acetone to. . .of Toray carbon paper (porous carbon paper) or cloth, loaded 
with 20% (w/w) platinum nanoparticles (these platinum particles are 
nanonoparticles deposited on carbon; the platinum nanoparticleloaded 
paper or cloth was purchased from ETEK Division of De Nora North America, 
Somerset, NJ. . . 
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Description of the Invention: 

...effect of the expression of the mutant on the 26443 or 46873 
substrate can be detected , e.g., by measuring fatty the amount of 
asparagine and/or aspartic acid and ammonia . Plasmid DNA can then be 
recovered from the cells that score for inhibition, or alternatively. . . 
wild type protein (e.g., altered cellular levels of asparagine and/or 
aspartic acid and ammonia ) . Moreover, the anti-26443 or -46873 
antibodies of the invention can be used to detect and isolate 26443 or 
46873 proteins, regulate the bioavailability of 26443 or 46873 proteins, 
and... from biotin-NHS (N-hydroxy-succinimide) using techniques known in 
the art (e.g., biotinylation kit , Pierce Chemicals, Rockford, 111.), 
and immobilized in the wells of streptavidin-coated 96 well plates... for 
detecting the presence of 26443 or 46873 in a biological sample. For 
example, the kit can include a compound or agent capable of detecting 
26443 or 46873 protein or mRNA. . . 

...and a standard. The compound or agent can be packaged in a suitable 

container. The kit can further comprise instructions for using the kit 
to detect 26443 or 46873 protein or nucleic acid. . . 

...0261] For antibody-based kits, the kit can include: (1) a first 
antibody (e.g., attached to a solid support) which binds... 

...0262] For oligonucleotide-based kits, the kit can include: (1) an 
oligonucleotide, e.g., a detectably labeled oligonucleotide, which 
hybridizes to a. . .useful for amplifying a nucleic acid molecule 
corresponding to a marker of the invention. The kit can also includes a 
buffering agent, a preservative, or a protein-stabilizing agent. The kit 

can also includes components necessary for detecting the detectable 
agent (e.g., an enzyme or a substrate). The kit can also contain a 
control sample or a series of control samples that can be assayed and 
compared to the test sample contained. Each component of the kit can be 
enclosed within an individual container and all of the various containers 
can be. . . 

...single package, along with instructions for interpreting the results of 
the assays performed using the kit . 

[...solid support, e.g., to different addresses of an array or to 
different beads or nanoparticles . 



Non-exemplary or Dependent Claim (s) : 

...11. A kit comprising a compound which selectively binds to a 

polypeptide of claim 5 and instructions for... 14. A kit comprising 
a compound which selectively hybridizes to a nucleic acid molecule of 
claim 1 and. . . 
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Summary of the Invention: 

...0299] Where applicable, the inventive compounds may be formulated as 
microcapsules and nanoparticles . General protocols are described for 
example, by Microcapsules and Nanoparticles in Medicine and Pharmacy by 
Max Donbrow, ed., CRC Press (1992) and by U.S... cells are embedded in 
agarose and lysed according to the BIO-RAD genomic DNA plug kit . DNA 
plugs are partially digested with restriction enzyme, such as Sau3AI or 
Hindlll, and electrophoresed. . . f or 5 min. The supernatant was then used 
for ammonia analysis with an ammonia assay kit (Sigma) . Samples were 
diluted 20-100 fold with water until the final concentrations were less 
...With the consumption of casitone by the cells, a gradual accumulation 
of ammonium was also detected in the production medium. The final 
ammonia concentration approached 2 0 mM at the end of the 5 -day 
fermentation. . . 
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Description of the Invention: 

. . .other ingredients known to facilitate administration and/or enhance 
uptake. Other formulations, such as microspheres, nanoparticles , 
liposomes, and immunologically-based systems may also be used in 
accordance with the present invention0082] A kit may be provide for 
treating cancer comprising a Compound represented by Formula I and 
instructions for a dosage regimen. In addition, the kit may comprising 
discrete quantities of the compound as well as notes /recommendations on 
how to... Cell proliferation was measured by WST-1 dye conversion to 
Formazan assay using the proliferation kit from BioVision, CA. The 
procedure used was essentially as described in the manufacture's 
instructions .. .apoptotic DNA was isolated from these cells following the 
instructions of the DNA fragmentation analysis kit (Boehringer Mannheim 
Corp., Indianapolis, Ind.). The apoptotic DNA was evaluated using 1.5% 
agarose gel... 200 [small mu, Greek]! (-10 [sup] 8 cells) of lysis buffer 
provided in the kit . Cell debris was removed by centrifugation at 
10,000Xg for 30 min. Supernatants (50-100 ... and was found to be 98.0% 
(60F254 silica gel plate; eluted in dichloromethane : methanol: ammonia 
80:18:2; detected with an Isomess IM-3016 radio-TLC analyzer or 
Phosphor Imager SF. . .Cell proliferation was measured by WST-1 dye 
conversion to Formazan assay using a proliferation kit from BioVision, 
CA. The procedure used was essentially the same as described in the 
manufacture . . . 

Exemplary or Independent Claim (s) : 

...17. A kit for treating cancer comprising administering to a mammal a 
therapeutically effective amount of a compound. . . 

Non- exemplary or Dependent Claim (s) : 

...18. The kit of claim 17 wherein the compound is provided in ...19. 
The kit of claim 17 wherein the kit is designed for 
administration to humans... 

...20. The kit of claim 17 wherein the instruction provide notations 
specific to certain types of cancer. 



3/3,KWIC/12 (Item 4 from file: 654) 

DIALOG (R) File 654 :US Pat. Full, 
(c) Format only 2006 Dialog. All rts. reserv. 

6315547 

Derwent Accession: 2004-295431 
UTILITY 

Molecular arrays and single molecule detection 



Inventor: Mir, Kalim, Oxford, GB 

Assignee: The Chancellor, Master and Scholars of The University of Oxford, 
(03) 

Correspondence Address: PALMER & DODGE, LLP ; KATHLEEN M. WILLIAMS, 111 
HUNTINGTON AVENUE, BOSTON, MA, 02199, US 



Publication 
Number 



Kind Date 



Application 
Number 



Main Patent 

Continuation 

Priority 



US 20050244863 
UNKNOWN 



Al 20051103 



US 200585679 
WO 2003GB4041 
GB 200221792 
GB 200222412 



Filing 
Date 



20050321 
20030919 
20020919 
20020926 



Fulltext Word Count: 60084 

Summary of the Invention: 

...particle labels. Anal Biochem. 2002 Oct. 1; 309 (1) : 109-116) or by 
labeling with nanoparticles and a number of techniques have been 
developed that can start with a single molecule ... 0189] In another 
embodiment the labelling scheme involves labelling with nanoparticles . 
Gold nanoparticles which . . .dendrimer encodes a different base which 
is co-synthesized. The method also provides tags comprising 
nanoparticles carrying different surface or internal detectable groups 
that can be quantitatively detected... 

...invention also provides tags that are composed of a string of beads, for 
example gold nanoparticles . The invention also provides tags that are 
composed of polymers of various lengths, the length. . . 

Description of the Invention: 

0231] Oligonucleotide target labelled with a 20 nM Fluosphere 
nanoparticle (Molecular Probes) hybridised to complementary molecules 
within a spot of a single molecule array. Individual nanoparticles are 
easily detectable distinguishable and therefore can easily be counted. 
Imaging was with 40X dry. . .enable interrogation using various methods. 
Suitable labels include: optically active dyes, such as fluorescent dyes; 

nanoparticles such as f luorospheres and quantum dots; and surface 
plasmon resonant particles (PRPs) or resonance light... from a single 
molecule assay can, for example, be amplified by labelling with dye 
loaded nanoparticles , or multi-labelled dendrimers or PRPs/SPRs. Raman 
spectroscopy is another means for achieving high... 

...0300] Plasmon resonant particles (PRPs) are metallic nanoparticles 
which scatter light elastically with remarkable efficiency because of a 
collective resonance of the conduction. . . 

...spectrum. The magnitude, peak wavelength and spectral bandwidth of the 
plasmon resonance associated with a nanoparticle are dependent on a 
particle's size, shape and material composition, as well as loca!0301] 
SERS [Surface-enhanced Raman Scattering on nanoparticles exploit raman 
vibrations on metallic nanoparticles of the single molecules themselves 
to amplify their spectroscopic signatures... 

. . .use of dye molecules encounters the problems of photobleaching and 
blinking. Labelling with dye -loaded nanoparticles or surface plasmon 
resonance (SPR) particles reduces the problem. However a single dye 
molecule will... then these would be useful for encoding oligonucleotides 
for single molecule analysis. Fluorescently labelled latex nanoparticles 
are available from Sigma. Polystyrene beads loaded with dyes are 



available from molecular probes and. .. combination could be deconvoluted. 
Diversity could be increased by covering the QDs or dye loaded 
nanoparticles with a different characteristic that can be measured e.g. 
different types of functional groups... 

...e.g. Kolodny et al., 2001, Anal Chem. 73: 1959-1966). Similarly PRPs or 
SERS nanoparticles can be employed in many of these ways. Recently 
quantum nanobars have been reported. These. . .phosphate and a 3' 
Puromycin.The ligated products are in vitro translatedin rabbit 
reticulocyte lysate kit (Ambion) for 30 minutes. The solution is 
adjusted to 150 mM MagCl [sub] 2 and. .. individually resolvable but then the 
array may be f unctionalised so that the molecules that are detected are 
far enough apart to be individually resolved. This can be done as 
described above by destructive ammonia treatment. Alternatively, only a 
fraction of the molecules, each far enough from the other to... 0666] The 
probes may be linked with labels such as 2 0 nM Fluosphere nanoparticles 
before binding to arrayed DNA or alternatively they may be biotinylated 
and and streptavidin linked Semiconductor Nanoparticles can bind ...45 
degrees C for 1 hour in Quantum Dot buffer is sufficient for this. The 
nanoparticles can be reacted with 1 mg/ml BSA or caesin or other 
appropriate blocking mix. . . 

. . .provided by vendor Wash in PBS/Tween followed by PBS wash. Visualize DNA 
and fluorescent nanoparticles captured and horizontalised on the array 
...labels such as 20 nm Fluospheres. Alternatively they may be 
biotinylated and streptavidin linked Semiconductor Nanoparticles can 
bind to them before or after the DNA is arrayed on the surface, 450689] 
Purify digested DNA using a commercial purificaton kit (Zymo Research's 
DNA clean and Concentrator) as per supplied protocol... 

...0692] Cot-1 DNA (Gibco BRL) is labelled with biotin using Biotin 

Chem-Link kit (Boehringer Mannheim) or photoprobe Biotin Kit (Vector 
Laboratories) as per manufacturs protocol and purified with Sepahdex G50 
Columns (Amersham Pharmacia) as ... separation is repeated, and then the 
target DNA supernatent is purified using a QIAex II kit (Qiagen. . . 
primers using reagents for Spectral Genomics (SG) (Houston, Texas) Human 
BAC array and BioPrime labelling kit form Gibco/BRL. . . 0000] 
Nanoparticle Bioconjugation and Purification. .. 0710] There are two 
approaches for the use of streptavidin nanoparticles (Quantum Dot Corp, 
USA) to label probe oligonucleotides... 

...0711] A Hybridise biotinylated oligonucleotide to DNA and then add 
streptavidin coated nanoparticle or0712] B Complex streptavidin- 
nanoparticle to biotinylated oligonucleotide and hybridise to DNA. . . 

...0713] In Method A there will be no steric hindrance by nanoparticles 
to hybridisation of the oligonucleotide to the target DNA. However, even 
though the oligonucleotide is coupled to the nanoparticle before 
hybridisation, in method B, it is not too different a situation to DNA 
binding to oligonucleotides bound to a surface in microarrays, which 
obviously works. Preferably the nanoparticles need to be coupled to the 
oligonucleotide probes in advance of hybridisation, as in method... 

...that substantially all the beads become attached with oligonucleotide 
(one should estimate the amount of nanoparticle and add oligonucleotide 
at e.g. 1000-10,000 excess) then unreacted oligonucleotide needs to0719] 
A nanoparticle attached oligonucleotide probe can be reacted with 
sample (e.g. lambda) DNA that has already... 

...This can be done in the presence of BSA and/or other blockers. 



Alternatively the nanoparticle oligonucleotide can be reacted with 
lambda before combing. If this is done then, before combing. . . 

...0720] Nanoparticle can be reacted with 1 mg/ml BSA/Caesin solution to 
avoid absorption of the ... labeled with a simple random-priming protocol 
based on Gibco/BRL's Bioprime DNA Labeling kit , though nick translation 
protocols work too. I routinely use the BioPrime labeling kit 
(Gibco/BRL) as a convenient and inexpensive source of random octamers, 
reaction buffer, and high concentration klenow (do not use the dNTP mix 
provided in the kit ) , though other sources of random primers and high 
concentration klenow work as well... 

...the DNA should be cleaned up by phenol/chloroform extraction/EtOH 
precipitation (Qiagen PCR purification kit also works well... 



Non-exemplary or Dependent Claim (s) : 

...18. A method according to claim 15 wherein the label is a 

non- fluorescent molecule, nanoparticle or nanorod. . . 94 . A method 
according to claim 92 wherein the tag is selected from a 
nanoparticle , a nanorod and a quantum dot . . . 
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Method and device for detecting ammonia odors and helicobacter pylori 
urease infection 

Abstract : 

. . .patient blows into the tube or straw, the indicating agent will 
change color if it detects levels of ammonia which are consistent 
with helicobacter pylori urease infection. 

Summary of the Invention: 

...0001] The present invention relates to a method and device for 
detecting ammonia odors and uses thereof, in particular for diagnosing 
helicobacter pylori urease infection... 

...to be the cause of most stomach ulcers and ulcers of the duodenum and, 



once detected , can be cured by treatment with antibiotics. H. pylon 
(HP) produces an active form of the urease enzyme, which hydrolyzes urea 
into ammonia and carbon dioxide. Since ammonia is the key component 
generated by urease-catalyzed hydrolysis of... 

...0003] However, there are not many systems to detect ammonia odors, 
and of those available, most require the use of expensive instrumentation 
and are complex. . . 

. . .need for a simple, safe device which needs neither expensive instrument 
nor radioactive materials for detecting ammonia from HPU infection 
and other sources . . . 

...0007] This invention describes a simple device for detecting ammonia 
odors using a visual indicating agent which changes color when ammonia 
is present in the breath of a user, in particular when the ammonia is 
present in the range of 20 to 500 parts per million (ppm) , more 
preferably. . . 

...ingest urea prior to his or her breath being tested so as to boost the 
ammonia levels which are detected . After a period of time sufficient 
to allow HPU, if present, to hydrolyze the urea into ammonia and carbon 
dioxide, the patient would then blow into a breath testing device. If the 
patient were infected with HPU, sufficient amounts of ammonia would be 
present in his or her breath to be detected by the device, and the 
indicating agent would show a change in color. 

Description of the Invention: 

...0018] FIG. 1 shows a standard curve for the detection of ammonia 
by Michler's Hydrol-dye . . . 

...0019] FIG. 2 shows a standard curve for the detection of ammonia by 
pararosaniline base (PAB. . . 

...0026] The invention provides simple breath testing devices which are 
able to detect levels of ammonia odors in a patient's breath which 
are consistent with helicobacter pylori urease infection without... 

...0032] The substrate, typically a cellulose tissue, may also be coated 
with nanopar tides to provide a high surface area coating on the 
substrate, i.e., higher than the... 

...the cellulose tissue may be given a boost in surface area by coating it 
with nanoparticles . The treated substrate may be then coated with the 
visual indicating dye. It's believed... 

...0033] The average size of the nanoparticles is generally less than 
about 100 nanometers, in fact it may be from about 1... 

...0034] The nanoparticles may have a surface area of from about 50 
square meters per gram (m[sup... 

...0035] In addition, the nanoparticles may also be relatively nonporous 
or solid. That is, the nanoparticles may have a pore volume that is 
less than about 0.5 milliliters per gram... 

...mug. It is believed that the solid nature, i.e., low pore volume, of the 
nanoparticles may enhance the uniformity and stability of the 
nanoparticles . 



..0036] Examples of commercially available alumina nanoparticles 
include, for instance, Aluminasol (R) 100, Aluminasol (R) 200 and 
Aluminasol (R) 520, which are available from Nissan Chemical America 
Corporation of Houston, Tex., USA. Alternatively, silica nanoparticles 
may be utilized, such as Snowtex-C (R) , Snowtex-O(R) , Snowtex-PS (R) and 
Snowtex-OXS (R) nanoparticles , which are also available from Nissan 
Chemical ... 

..0037] Snowtex-OXS (R) nanoparticles , for instance, have a particle 
size of from 4 to 6 nanometers, and may be... 

. .per gram. Also, alumina-coated silica particles may be used, such as 
Snowtex-AK(R) nanopar tides available from Nissan Chemical... 

..ingest urea prior to his or her breath being tested so as to boost the 
ammonia levels which are detected . After a period of time sufficient 
to allow HPU, if present, to hydrolyze the urea into ammonia and carbon 
dioxide, the patient would then blow into the breath testing device. If 
the patient were infected with HPU, sufficient amounts of ammonia would 
be present in his or her breath to be detected by the device, and the 
indicating agent would show a change in color. . . 

. .R) tissues from Kimberly-Clark Corporation of Neenah, Wis., were coated 
with Snowtex-O(R) nanoparticles (pH 4.1), available from Nissan 
Chemical and were used in the examples described herein. . . 

..axis is the absorbance at 590 nm from 1 to 0.7. The sensitivity of 
ammonia detection by MH was shown to be very high. . . 

..0060] A first embodiment of a device 10 for detecting HPU infection 
was designed using an ammonia -odor sensitive dye coated on a cellulose 
substrate (FIG. 4) . Accordingly, 1 mg/ml stock. . . 

. .had been previously coated with a 1 weight percent (dry) solution of 
SNOWTEX-O(R) nanoparticles and allowed to air dry. The dye-coated paper 
towel was then cut into 2 . . . 

.of the indicating dye showed a clear difference between before and after 
the exposure to ammonia odors (-100 ppb) . The level of detection of 
ammonia odor by either MH or PAB (-100 ppb) is far less compared to the 
physiological . . . 

.0067] KIMWIPES (R) tissues were coated with a 5% Snowtex-O(R) 
nanoparticle solution from Nissan Chemical and then air-dried. 5.0 mg/ml 
stock solution of MH-dye in acetonitrile was applied to the Snowtex-0 
nanoparticle -coated KIMWIPES (R) tissues and a blue color was observed to 
develop as the applied... 

.Oakland, Calif., was placed on a cardboard strip 22, and a piece of the 
dye- nanoparticle coated tissue 24 was placed over a first end 25 of the 
straw. Thus, when... 

.0073] In order to ensure that the HPU testing devices as described 
above would detect the levels of ammonia which are exhaled by 
patients having ulcers, it is preferable that a uniform amount of... 

.0074] From the above examples, it can be seen that it is possible to 
detect HPU infection using a visual indicating agent which is sensitive 
to ammonia and/or amine odors, rather than requiring a patient to 
ingest radioactive materials and to 



Exemplary or Independent Claim (s) : 

1. A breath testing device for detecting the presence of ammonia 

odors, comprising a visual indicating agent that is color sensitive 
to ammonia . 



...24. A kit for detecting helicobacter pylori urease infection which 
comprises a breath testing device having a visual indicating agent 
that is color sensitive to ammonia and a breath collecting device 

Non-exemplary or Dependent Claim (s) : 

...12. The breath testing device of claim 10, further comprising 
nanoparticles . 
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Summary of the Invention: 

...0062] In a preferred embodiment of the invention, a kit for 
detecting acetone in a sample includes an acetone-specific enzyme system 
and a housing. . . 

...system may be fashioned into the housing to form a single disposable 
unit within the kit . 

[ 

Description of the Invention: 

...as used herein, indicates platinum-coated carbon, for example at 



least partially platinum-coated carbon nanoparticles . 

[...among the most commonly used in clinical chemistry (Carr and 
Bowers, 1980) . A commercially available kit uses the dye Amplex Red for 
fluorescence detection of H [sub] 20 [sub] 2 (Haugland. . . 

...for this reaction is very high; 10 [sup] -14 mol ATP can be detected. A 
kit for this reaction is commercially available (Haugland, 2002) . 
Because lucif erase is the enzyme that causes... 

. . .D Rhines and M A Arnold, Fiber-optic biosensor for urea based on sensing 
of ammonia gas, Anal Chim. Acta, 1989, 227:387; several enzyme-based 
amperometric NH [sub] 4 [sup] + sensors are commercially available. For 
acetone detection , ammonia production can be coupled to the secondary 
alcohol dehydrogenase system as above; ammonia concentration would then 
be proportional to acetone concentration. Another enzyme scheme to couple 
acetone to. . .of Toray carbon paper (porous carbon paper) or cloth, loaded 
with 20% (w/w) platinum nanoparticles (these platinum particles are 
nanonoparticles deposited on carbon; the platinum nanoparticle -loaded 
paper or cloth was purchased from ETEK Division of De Nora North America, 
Somerset ... carbon cloth or paper to which was bound highly conductive 
graphite particle loaded with platinum nanoparticles (10 to 2 0% (w/w) 
loading). The cloth or paper was hole-punched and attached. .. 0262] Also 
contemplated is a kit for detecting acetone in a sample comprising the 
acetone-specific enzyme system separate from, or. . . 

Exemplary or Independent Claim (s) : 

...33. A kit for detecting acetone in a sample, the kit comprising at 
least one acetone- specif ic enzyme system which includes an enzyme 
that selectively targets... 

Non-exemplary or Dependent Claim (s) : 

...34. The kit according to claim 33 further containing a disposable 
test strip upon which the acetone-specific... 

...35. The kit according to claim 34, wherein the strip is separate from 
the housing such that the. . . 

...36. The kit according to claim 34, wherein the strip and the housing 
for the strip are fashioned. . . 
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Description of the Invention: 

...as used herein, indicates platinum- coated carbon, for example at 
least partially platinum-coated carbon nanoparticles . 

[...among the most commonly used in clinical chemistry (Carr and 
Bowers, 1980) . A commercially available kit uses the dye Amplex Red for 
fluorescence detection of H [sub] 20 [sub] 2 (Haugland. . . 

...for this reaction is very high; 10 [sup] -14 mol ATP can be detected. A 
kit for this reaction is commercially available (Haugland, 2002) . 
Because lucif erase is the enzyme that causes... 

. . .TD Rhines and M A Arnold, Fiber-optic biosensor for urea based on 
sensing of ammonia gas, Anal Chim. Acta, 1989, 227:3 87; several 
enzyme-based amperometric NH [sub] 4 [sup] + sensors are commercially 
available. For acetone detection , ammonia production can be coupled 
to the secondary alcohol dehydrogenase system as above; ammonia 
concentration would then be proportional to acetone concentration. 
Another enzyme scheme to couple acetone to... of Toray carbon paper 
(porous carbon paper) or cloth, loaded with 20% (w/w) platinum 
nanoparticles (these platinum particles are nanonoparticles deposited on 
carbon; the platinum nanoparticle -loaded paper or cloth was purchased 
from ETEK Division of De Nora North America, Somerset... 
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Description of the Invention: 

...more of the following activities: (1) catalyzes the hydrolysis of 
asparagine to aspartic acid and ammonia ; (2) regulates cellular amounts 
of asparagine; (3) regulates the cellular amounts of aspartic acid; (4) 
regulates cellular amounts of ammonia ; and (5) antagonizes or inhibits, 
e.g., competitively or noncompetitively, any of activities 1-4... 

...asparaginase family members. Asparaginase enzymes assist in the 
hydrolysis of asparagine to aspartic acid and ammonia . Thus, the 26443 
or 46873 molecules can act as novel diagnostic targets and therapeutic 
agents . . . 

...tissues). Administration of L-asparaginase enzymatically catalyzes the 
hydrolysis of asparagine to aspartic acid and ammonia , which deprives 
the malignant cells of the asparagine from extracellular fluid and 
eventually results in...ii) it has the ability to regulate the cellular 
levels of asparagine, aspartic acid and ammonia ; 



...effect of the expression of the mutant on the 26443 or 46873 substrate 
can be detected , e.g., by measuring fatty the amount of asparagine 
and/or aspartic acid and ammonia . Plasmid DNA can then be recovered 
from the cells that score for inhibition, or alternatively. . .wild type 
protein (e.g., altered cellular levels of asparagine and/or aspartic acid 
and ammonia ) . Moreover, the anti-26443 or -46873 antibodies of the 
invention can be used to detect and isolate 26443 or 46873 proteins, 
regulate the bioavailability of 26443 or 46873 proteins, and... from 
biotin-NHS (N-hydroxy-succinimide) using techniques known in the art 
(e.g., biotinylation kit , Pierce Chemicals, Rockford, 111.), and 
immobilized in the wells of streptavidin-coated 96 well plates... for 
detecting the presence of 26443 or 46873 in a biological sample. For 
example, the kit can include a compound or agent capable of detecting 
26443 or 46873 protein or mRNA. . . 

...and a standard. The compound or agent can be packaged in a suitable 

container. The kit can further comprise instructions for using the kit 
to detect 26443 or 46873 protein or nucleic acid... 

...0327] For antibody-based kits, the kit can include: (1) a first 
antibody (e.g., attached to a solid support) which binds... 

...0328] For oligonucleotide-based kits, the kit can include: (1) an 
oligonucleotide, e.g., a detectably labeled oligonucleotide, which 
hybridizes to a. . . 

. . .useful for amplifying a nucleic acid molecule corresponding to a marker 
of the invention. The kit can also includes a buffering agent, a 
preservative, or a protein-stabilizing agent. The kit can also includes 
components necessary for detecting the detectable agent (e.g., an enzyme 
or a substrate) . The kit can also contain a control sample or a series 
of control samples that can be assayed and compared to the test sample 
contained. Each component of the kit can be enclosed within an 



individual container and all of the various containers can be... 

...single package, along with instructions for interpreting the results of 
the assays performed using the kit . 

[...solid support, e.g., to different addresses of an array or to 
different beads or nanoparticles . 

[ 



Non-exemplary or Dependent Claim (s) : 

...11. A kit comprising a compound which selectively binds to a 
polypeptide of claim 5 and instructions for... 

...14. A kit comprising a compound which selectively hybridizes to a 
nucleic acid molecule of claim 1 and. . . 



3/3,KWIC/17 (Item 9 from file: 654) 

DIALOG (R) File 654 :US Pat. Full, 
(c) Format only 2006 Dialog. All rts . reserv. 

0005780441 

Derwent Accession: 2004-071254 

Compositions and methods for liver growth and liver protection 

Inventor: Ferrara, Napoleone, INV 

Hillan, Kenneth, INV 

Le Couter, Jennifer, INV 
Assignee: Genentech, Inc. (02), South San Francisco, CA, US 

Correspondence Address: GENENTECH, INC., 1 DNA WAY, SOUTH SAN FRANCISCO, CA 
, 94080, US 

Publication Application Filing 

Number Kind Date Number Date 



Main Patent US 20040170613 Al 20040902 US 2003455470 20030605 
Provisional US 60-386637 20020605 



Fulltext Word Count: 27278 

Summary of the Invention: 

...0034] An article of manufacture and a kit comprising a VEGFR 
modulating agent are also provided 

Description of the Invention: 

. . .markers include, procollagen type III peptide levels (PIIIP) to 
assess if hepatic fibrogenesis is active; ammonia blood levels in 
hepatoencephalopathies; ligand in levels in necrosis and hepatoma; 
hyaluronate levels due to hepatic endothelial cell damage; 
a- 1- fetoprotein (AFP) levels to detect hepatoma; carcinoembryonic 
antigen (CEA) levels to detect cancer metastasis to the liver; elevations 
of antibodies . . . 

...techniques or by interfacial polymerization, in colloidal drug delivery 
systems (e.g., liposomes, microspheres, microemulsions , nanoparticles 
and nanocapsules) , or in macroemulsions . Such techniques are known in the 
art and disclosed in. . . 



.0149] The invention also provides a pharmaceutical pack or kit 



comprising one or more containers filled with one or more of the 
ingredients of the . . .Greek] m cell strainer (Falcon, Bedford, Mass.). For 
BrdU staining, the in situ Cell Proliferation Kit was used according to 
the manufacturer's recommendations (Roche Molecular Biochemicals, 
Indianapolis, Ind.). In short... 
...degree C. Immunoreactivities were visualized by the avidin-biotin 

complex technique using Vectastain Elite ABC kit (Vector Laboratories, 
Burlingame, Calif.) with diaminobenzidine as chromogen. Hematoxylin was 
used as counterstain. BrdU immunohistochemoistry . . . 

. . .were washed twice in ice cold PBS and total RNA was isolated using the 
RNeasy kit (Qiagen) according to the instructions of the manufacturer. 
Fifty ng of total RNA per reaction were analyzed using the RT-PCR kit 
from Perkin-Elmer, following the manufacturer's instructions (PE Applied 
Biosystems, Foster City, Calif.) . Reactions. . . 

. . .Adenovirus stocks were further amplified in HEK293 cells and purified 
using the Virakit Adeno purification kit (Virapur; Carlsbad, Calif.). 
Adenovirus titers were obtained by agarose-overlayed plaque assays... 

...0194] Adenovirus was directly injected into the tail vein of mice. 
Virus was stored in Kit Formulation Buffer supplied by Virapur and the 
appropriate dilutions were made with PBS. The volume... 

Exemplary or Independent Claim (s) : 

...79. A kit comprising: a) a first container, a label on said first 
container, and a composition contained... 

...a second container comprising a pharmaceutical^ acceptable buffer; and 
c) an instruction for using the kit for promoting liver growth. 

Non-exemplary or Dependent Claim (s) : 

. . .the polymer matrix is a microcapsule selected from the group 

consisting of liposome, microsphere, microemulsion, nanoparticle 
and nanocapsule . . . 

...the polymer matrix is a microcapsule selected from the group consisting 
of liposome, microsphere, microemulsion, nanoparticle and 
nanocapsule . . . 

...the polymer matrix is a microcapsule selected from the group consisting 
of liposome, microsphere, microemulsion, nanoparticle and 
nanocapsule. . . 

...the polymer matrix is a microcapsule selected from the group consisting 
of liposome, microsphere, microemulsion, nanoparticle and 
nanocapsule . . . 
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Summary of the Invention: 

...0021] Also disclosed is a kit for use in inhibiting growth of 
cancer cells in a mammalian subject. The kit has a pharmaceutical 
composition containing urease enzyme, and instructional materials 
teaching the administration of the... 

Description of the Invention: 

... Greek] m) may be designed using polymers able to be degraded in vivo. 
Biodegradable polyisobutylcyanoacrylate nanoparticles that meet these 
requirements are contemplated for use in the present invention, and such 
particles . . . 

...2001) Int J Pharm 214 (1-2) : 13-6 . Methods of preparing 

polyalkyl-cyano-acrylate nanoparticles containing biologically active 
substances and their use are described in U.S. Pat. Nos . 4... and 
diagnosis of various cancer types. Kits, as described below, are also 
contemplated, wherein the kit comprises a dosage form of a 
pharmaceutical composition and a package insert containing instructions 
for .. .effective to reach the tumor site. The urease hydrolyzes the 
labelled urea to produce labelled ammonia , which could be detected on 
the scan. . . 

...the use of active agents for inhibiting tumor cell growth. Thus, in one 
embodiment, the kit includes a pharmaceutical composition containing an 
active agent, preferably a urease enzyme, and instructional materials... 

Exemplary or Independent Claim (s) : 

...44. A kit for use in inhibiting growth of cancer cells in a 

mammalian subject, said kit comprising a pharmaceutical composition 
containing urease enzyme, and instructional materials teaching the 
administration of the... 

Non-exemplary or Dependent Claim (s) : 

...45. The kit of claim 44, wherein said instructional material 
teaches administering the urease composition to a subject... 

...46. The kit of claim 44, wherein said instructional material teaches 
administering the urease composition to a subject... 

...47. The kit of claim 44, wherein said instructional material teaches 
administering the urease composition to a subject... 
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Description of the Invention: 

...progression, amelioration or palliation of the disease state, and 
remission (whether partial or total) , whether detectable or 
undetectable. "Treatment" can also mean prolonging survival as compared 
to expected survival if not. . .a CIC and antigen are coadministered by 
adsorbing both to a surface, such as a nanoparticle or microcarrier . 
Adsorption of a CIC and/or antigen to a surface may occur through. . . 

...0396] In general, characteristics of nanoparticles , such as surface 
charge, particle size and molecular weight, depend upon polymerization 
conditions, monomer concentration. . . 

. . .with an antigen preparation, for example, in the form of a lipid-antigen 
mixture. Such nanoparticles are self -assembling complexes of nanometer 
sized particles, typically on the order of 0.1... 

...0398] Another adsorbent surface are nanoparticles made by the 
polymerization of alkylcyanoacrylates . Alkylcyanoacrylates can be 
polymerized in acidified aqueous media by. . . 

...sizes in the range of 20 to 3000 nm, and it is possible to make 

nanoparticles specific surface characteristics and with specific surface 
charges (Douglas et al . , 1987, supra). For example, oligonucleotides may 
be adsorbed to polyisobutyl- and polyisohexlcyanoacrylate nanoparticles 
in the presence of hydrophobic cations such as tetraphenylphosphonium 
chloride or quaternary ammonium salts, such as cetyltrimethyl ammonium 
bromide. Oligonucleotide adsorption on these nanoparticles appears to 
be mediated by the formation of ion pairs between negatively charged 
phosphate groups . . . 

...et al. (1992) Pharm. Res. 9:441-449. Polypeptides may also be adsorbed 
to polyalkylcyanoacrylate nanoparticles . See, for example, Douglas et 
al., 1987; Schroeder et al . (1998) Peptides 19:777-780... 

...0399] Another adsorbent surface are nanoparticles made by the 
polymerization of methylidene malonate. For example, as described in 
Bousquet et al., 1999, polypeptides adsorbed to poly (methylidene malonate 
2.1.2) nanoparticles appear to do so initially through electrostatic 
forces followed by stabilization through hydrophobic f orces ... scratch the 



outermost layer of epidermal cells. Each of the tines in the MONO-VACC 
kit is coated with old tuberculin; in the present invention, each needle 
is coated with a. instructions on a label or package insert (e.g., a 
paper sheet included in the kit ) , but machine-readable instructions 
(e.g., instructions carried on a magnetic or optical storage disk... 

...or more containers including materials for producing liquid phase MC. 
For example, a CIC/MC kit for oil-in-water emulsion MC may comprise one 
or more containers containing an oil... 
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Description of the Invention: 

...0339] Where applicable, the inventive compounds may be formulated 
as microcapsules and nanoparticles . General protocols are described for 
example, by Microcapsules and Nanoparticles in Medicine and Pharmacy by 
Max Donbrow, ed., CRC Press (1992) and by U.S... cells are embedded in 
agarose and lysed according to the BIO-RAD genomic DNA plug kit . DNA 
plugs are partially digested with restriction enzyme, such as Sau3AI or 
Hindlll, and electrophoresed. . . 



...for 5 min. The supernatant was then used for ammonia analysis with an 
ammonia assay kit (Sigma) . Samples were diluted 20-100 fold with water 
until the final concentrations were less... 



. .With the consumption of casitone by the cells, a gradual accumulation of 
ammonium was also detected in the production medium. The final ammonia 
concentration approached 2 0 mM at the end of the 5 -day fermentation... 



broth is clarified by centrif ugation in a microcentrifuge (5 minutes, 
12000 rpm) . An ammonia assay kit from Sigma (Catalog #171-UV) is used 
for quantitation, with the clarified fermentation broth substituted in 
place of the blood plasma described in the kit protocol. As the linear 
response range of this colorimetric assay is only 0.01176-0... 
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Description of the Invention: 

. . . carboxylic acid functional groups; the concentration of gases, such 
as oxygen, hydrogen, carbon dioxide, and ammonia ; color; viscosity; 
density; temperature; pressure; and the concentration of reactants and 
products of oxidation and reduction processes on electrodes. Examples of 
such sensors include, but are not limited to, conductivity sensors; 
impedance sensors; ion-selective electrodes, such as... 

...following: (a) liposomes; (b) cyclodextrins ; (c) micelles; (d) 

microcapsules; (e) microemulsions ; (f) hydrogels; and (g) nanoparticles 



[... 

.lysine double-coated slides. The tissue sections were then processed 
using a Histostain-SP DAB kit (Zymed Laboratories, Inc., Burlingame, 
Calif.) according to the manufacture's recommendations. The sections were 
treated 
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Description of the Drawings : 

...effect of the expression of the mutant on the 26443 or 46873 substrate 
can be detected , e.g., by measuring fatty the amount of asparagine 
and/or aspartic acid and ammonia . Plasmid DNA can then be recovered 
from the cells that score for inhibition, or alternatively. . . 

...wild type protein (e.g., altered cellular levels of asparagine and/or 
aspartic acid and ammonia ) . Moreover, the anti-26443 or -46873 
antibodies of the invention can be used to detect and isolate 26443 or 
46873 proteins, regulate the bioavailability of 26443 or 46873 proteins, 
and... from biotin-NHS (N- hydroxy- succinimide) using techniques known in 
the art (e.g., biotinylation kit , Pierce Chemicals, Rockford, 111.), 
and immobilized in the wells of streptavidin-coated 96 well plates... for 
detecting the presence of 26443 or 46873 in a biological sample. For 
example, the kit can include a compound or agent capable of detecting 
26443 or 46873 protein or mRNA. . . 

...and a standard. The compound or agent can be packaged in a suitable 

container. The kit can further comprise instructions for using the kit 
to detect 26443 or 46873 protein or nucleic acid. . . 

...0280] For antibody-based kits, the kit can include: (1) a first 
antibody (e.g., attached to a solid support) which binds... 

...0281] For oligonucleotide -based kits, the kit can include: (1) an 
oligonucleotide, e.g., a detectably labeled oligonucleotide, which 
hybridizes to a. . . 

. . .useful for amplifying a nucleic acid molecule corresponding to a marker 
of the invention. The kit can also includes a buffering agent, a 
preservative, or a protein-stabilizing agent. The kit can also includes 
components necessary for detecting the detectable agent (e.g., an enzyme 
or a substrate) . The kit can also contain a control sample or a series 
of control samples that can be assayed and compared to the test sample 
contained. Each component of the kit can be enclosed within an 
individual container and all of the various containers can be... 

...single package, along with instructions for interpreting the results of 
the assays performed using the kit . 

[...solid support, e.g., to different addresses of an array or to 
different beads or nanopar tides . 

[ 



Description of the Invention: 



...be used. The DNA was radioactively labeled with [sup] 32P-dCTP using 
the Prime-It Kit (Stratagene, La Jolla, Calif.) according to the 
instructions of the supplier. Filters containing mRNA from. . . 

Non-exemplary or Dependent Claim (s) : 

...15. A kit comprising a compound that selectively binds to a 
polypeptide of claim 8 and instructions for. . . 

...18. A kit comprising a compound that selectively hybridizes to a 
nucleic acid molecule of claim 1 and... 
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Description of the Invention: 

. . . carboxylic acid functional groups; the concentration of gases, such 
as oxygen, hydrogen, carbon dioxide, and ammonia ; color; viscosity; 
density; temperature; pressure; and the concentration of reactants and 
products of oxidation and reduction processes on electrodes. Examples of 
such sensors include, but are not limited to, conductivity sensors; 
impedance sensors; ion-selective electrodes, such as... 

...following: (a) liposomes; (b) cyclodextrins ; (c) micelles; (d) 

microcapsules; (e) microemulsions ; (f) hydrogels; and (g) nanoparticles 



...lysine double-coated slides. The tissue sections were then processed 

using a Histostain-SP DAB kit (Zymed 
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[Primary study on determination of the size distribution of 
nanoparticles by capillary zone electrophoresis] 

... conditions were as follows: 8.00 mmol/L NaH2P04 (adjusted to pH 8.00 
with ammonia ) as buffer, applied voltage of 26 kv and detection 
wavelength of 214 nm. The relative standard deviation of the migration time 
and the peak. . . 
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. . . electrophoresis (CE) in fused-silica capillaries coated with an 
irreversibly adsorbed monolayer of derivatized polystyrene nanoparticles . 
Whereas phosphate buffer, pH 3.10, enabled the highly efficient separation 
of basic proteins with. . . 

. . . fmol amounts of proteins during coupled CE-ESI-MS utilizing 100-125 mM 
formic acid- ammonia , pH 3.10. However, compared to UV detection , 
considerable band broadening is observed with ESI-MS detection which is 



mainly attributed to column overloading, band spreading in the interface, 
and scanning data. . . 
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Nanoparticle structure for use in an electronic device, especially in a 
chemical sensor 

Structure nanoparticulaire a utiliser dans un dispositif electronique , en 
particulier dans un capteur chimique 

. . .ABSTRACT Al 

The invention relates to an electronic device comprising a 
nanoparticle structure and configured such that, when driven by a power 
source, a current path is defined through said nanoparticle structure, 
wherein the nanoparticle structure comprises a substrate and metal 
and/or semiconductor nanoparticles , wherein the nanoparticles are 
linked to each other and/or to the substrate by bifunctional or 
polyfunctional ligands... 



. . . SPECIFICATION W. Snow, Anal. Chem. 1998, 70, 2856 proposed a new type of 
sensor, comprising gold nanoparticles deposited on a quartz substrate 
comprising a microelectrode structure. The nanoparticles were deposited 
on the substrate by spraying (airbrush technique) . The conductivity of 
the nanoparticle layer changed with the concentration of toluene vapour 
in the surrounding atmosphere and allowed a. . . 

...It is the object of the present invention to provide an electronic 
device comprising a nanoparticle structure, which is especially 
suitable for use as a sensor and which can be more... 

...of an analytic process. 

This object is accomplished by an electronic device which comprises a 
nanoparticle structure and is configured such that a current can be 
conducted through said nanoparticle structure, and which is 
characterized in that the nanoparticle structure comprises a substrate 
and semiconductor and/or metal nanoparticles , wherein the 
nanoparticles are linked to each other and/or to the substrate by 
bifunctional or polyfunctional ligands... 

...semiconductor. The latter is preferred if the device is used in an 
integrated structure. The nanoparticles preferably are made of good 
conductors. In order to provide chemical stability it is preferred... 

...preferred. The function of the bifunctional or polyfunctional ligands is 
to connect two or more nanoparticles so that a structure is formed that 
is both mechanically and electrochemically stabilized. 

In a preferred embodiment of the invention the nanoparticles are 
arranged in layers, wherein nanoparticles in each of said layers and 
nanoparticles of adjacent layers are interconnected by one or more of 
said ligands. 

Preferably, the ligands interconnecting the nanoparticles are 
basically of the same length, although it may also be envisaged to use 
ligands of different lengths, for example connecting layers and for 
connecting nanoparticles within one layer, respectively. 

In a preferred embodiment it is provided that said ligands comprise... 

...or inorganic compounds may be used as linkers (ligands). 

According to a specific embodiment, the nanoparticle structure is 
integrated together with a transistor structure to form a controlling 
element for current... 

. . .out above, wherein a (resonant) tunneling structure is formed by one or 
more layers of nanoparticles sandwiched between insulating barriers and 
this tunneling structure is arranged to control a transistor by. . . 

...or gas phase, wherein the analyte is detected by a change of 
conductivity of the nanoparticle structure. 

Furthermore, the invention provides a sensor for detecting one or more 
analytes in a. . . 

. . .gas phase, especially a sensor forming an electronic device as set out 
previously, comprising a nanoparticle structure, which is accessible to 
an analyte in the environment of the sensor, and means for detecting the 
conductivity of said nanoparticle layer, characterized in that the 
nanoparticle structure comprises a substrate and semiconductor and/or 
metal nanoparticles , wherein the nanoparticles are linked with each 
other and/or the substrate by bifunctional or polyfunctional ligands. 

Preferably the means for detecting the conductivity of said 
nanoparticle layer work according to an electric measurement principle, 



i.e. they detect the current flowing. 



...used. Although this is the preferred embodiment, other ways for 

detecting the conductivity of the nanoparticle layer and related means 
could be contemplated for use in the sensor according to the... 

...optically determining the conduct ivitiy, e.g. by optically measuring the 
complex dielectric function of the nanoparticle structure. 

The invention may especially provide that the ligands define cavities 
having a size greater. . . 

. . . said analyte . 

Furthermore, the invention may provide that the surface of at least of 
some nanoparticles is modified to favour adsorption of a specific 
analyte and/or hinder or prevent adsorption of substances other than said 
analyte . 

The invention especially applies to a sensor that it is adapted to 
detect one ore more of the following substances: ammonia , ethanol, 
propanol, water, aliphatic and aromatic hydrocarbons. 

According to a specific embodiment of the invention it may be provided 
that the sensor comprises an amplifying element controlled by the 
current flowing through the nanoparticle structure. 

Especially, the nanoparticle structure may be arranged such that it 
controls the base current of a bipolar transistor through changes of its 
conductivity. 

Furthermore, it can be provided that the nanoparticle structure is 
enclosed between two tunneling barriers and forms a resonant tunneling 
device controlling the amplifying element. 

Preferably the nanoparticle structure is integrated together with 
said amplifying element in an integrated circuit (IC) . 

According to a specific embodiment, a chemically selective membrane is 
provided on top of the nanoparticle structure so that it is exposed to 
the analyte, or within the nanoparticle structure. 

The invention also provides an advantageous method to produce a 
nanoparticle structure for use in devices in sensors as described above, 
which are characterized in that... 

...Especially, such a method may comprise the following steps: 

a) linking a first layer of nanoparticles to a substrate by ligand 
molecules, 

b) linking bifunctional or polyfunctional ligands to said first layer 
of nanoparticles , 

c) linking a further layer of nanoparticles to said bifunctional or 
polyfunctional ligands, wherein steps b) and c) may be repeated to create 
a plurality of stacked nanoparticle monolayers on said substrate. 
Preferably, the nanoparticle layers are essentially monolayers. 

Preferably the entire nanoparticle structure has a thickness in the 
range of 50 to 100 nm. In the preferred embodiments, the nanoparticle 
structure comprises about 10 to 20 layers. 

The term " nanoparticle ", as used in the context of this application, 
is to be understood as a particle... 

. . .using bifunctional or polyfunctional ligands it is also possible to 
define the location of the nanoparticles with regard to each other and 
to the substrate in a much more precise manner. . . 

...adjusting the size of the ligands and thus the size of the cavities 
between the nanoparticles , the size of these cavities can be adjusted 
to fit the size of an analyte... 

...possible to promote the selectivity by providing the ligands and/or the 



surface of the nanoparticles with desirable chemical properties 
favouring the adsorption of the analyte and preventing or hindering the 
adsorption of undesired substances. The new nanoparticle structure 
according to the invention is not only useful for sensors, but also for 
producing. . . 

...comprise a resonant tunneling transistor, wherein the tunneling element 
is formed by at least one nanoparticle structure between two insulating 
barriers. Resonant tunneling transistors are described, for example, in 
Michael S . . . 

...made by conventional techniques, e.g. employing semiconductors, by a 
resonant tunneling device comprising a nanoparticle structure having 
tunneling barriers on both sides. Especially referring to such resonant 
tunneling transistors, it should be understood that the present 
application is not limited to transistors having a nanoparticle 
structure comprising bifunctional or polyf unctional ligands and rather 
comprises also embodiments wherein the nanoparticle structure is of a 
different nature. 

Further features and advantages of the present invention will... 

...for use as a chemical sensor and 

Fig. 2 schematically shows the nature of the nanoparticle structure 
employed according to the present invention. 

In the embodiment schematically shown in Fig. 1... 

. ..1, which may be a glass plate, a silicon wafer or the like, carrying a 
nanoparticle structure 3 . On the nanoparticle structure there are 
contacts 5, 7 to be connected with a power supply 8 and a current 
measuring device 9 for determining the conductivity or resistance of the 
nanoparticle structure. The contacts 5 and 7 may be of any suitable form 
and may especially. . . 

...these contacts is only relevant in that they should allow measuring the 
conductivity of the nanoparticle structure in a reliable way. For 
example, it could be envisaged to provide them on the substrate. 

Fig. 2 shows the nanoparticle structure and its connection to the 
substrate schematically in more detail. On the substrate 1 a first layer 
I of nanoparticles 11 is provided, which are linked to the substrate by 
linking molecules or ligands 13. Suitable ligands for fixing the 
nanoparticles to a substrate are well known and available to people 
skilled in the art. For example, if the nanoparticles consist of gold 
and a glass substrate is used, a suitable ligand is 

3-aminopropyltriethoxysilane. The nanoparticles 11 of layer I are also 
linked with each other through ligands 15, which are preferably different 
from the ligands 13 linking the nanoparticles to the substrate. Such 
ligands may especially be mercaptoalkylsilanes, aminoalkylsilanes , 
dimercaptoalkanes, diaminoalkanes or polyf unctionalized polymers. 

Overlying the first layer of nanoparticles there is a second layer II 
of nanoparticles 11 which are linked to the nanoparticles of the 
first layer I by said ligands 15 and also linked with each other. . . 

...I. On the second layer, there may be one or more further layers (III) of 
nanoparticles which are interlinked within the layer and to the layer 
below in the manner previously described. Preferably, in order to allow 
an easy diffusion of analytes, the nanoparticle layer should be thin, 
but thick enough to allow a conductivity in a range that can be readily 
detected. A presently preferred range for the thickness of the 
nanoparticle structure is about 50 to 100 nm. 

In order to improve the selectivity of the sensor, a selective membrane 
may be arranged on top of the uppermost nanoparticle layer or embedded 
in the nanoparticle structure. Such membranes may be manufactured in a 



variety of manners, especially by molecular imprinting. 



...1998, 10, 149), which also allow to implement a selective membrane or 
structure within the nanoparticle structure. 

From Fig. 2 it can be seen that the ligands connecting nanoparticles 
11 define cavities into which analyte molecules 17 may diffuse. If 
analyte molecules occupy these cavities, the conductivity of the 
nanoparticle structure changes. It was shown that the amount and 
direction of the change (positive or... 

. ..analytes. Depending on the nature of the analyte and the materials used 
to build the nanoparticle structure, adsorption to the nanoparticles 
and/or to the ligands may also take place. By tailoring the size of these 

...Furthermore, adsorption of analyte molecules may be promoted by 
adjusting the chemical properties of the nanoparticles and/or the 
ligands in a manner well known per se. For example, hydrophilic, 
hydrophobic . . . 

...is promoted and the adsorption of undesired substances, e.g. water, is 
prevented. 

Likewise, the nanoparticles may be chosen to consist of a suitable 
metal and/or to have a surface... 

. . .gold or platinum, which are also chemically inert, are preferred as 
basic materials for the nanoparticles in order to get a good 
conductivity signal. However, other materials showing an acceptable 
conductivity. . . 

...surface with linking molecules linking to the substrate and able to link 
to the envisaged nanoparticles as well. On the substrate surface thus 
prepared a first layer of nanoparticles is provided which are linked to 
said linking molecules. In the next step multifunctional ligands linking 
to the nanoparticles are added to which a new layer of nanoparticles 
is linked in the next step and so on so that by adding step by step 
nanoparticles and multifunctional ligands a layered structure is formed. 



Example 

In order to prepare a sensor according to the present invention, 
nanoparticles were prepared as described in D.V. Leff , L . Brandt, J.R. 
Heath, Langmuir, 1996... 

.linked with each other and self -assembled by the use of 

1, 6-dimercaptohexane . The nanoparticle structure thus created consists 
of several layers of self -assembled nanoparticles . Contacts were 
applied and connected to a resistance measuring circuit. The sensors thus 
built showed. . . 

.device towards the analytes could be adjusted by heating the structure 
before using as a sensor . For example, the response to an exposure to 
ammonia or water changed from an increase to a decrease of conductivity 
after curing it at elevated temperature. The use of a long-chain 
dithiolalkanes as bifunctional linkers between the nanoparticles 
improved the sensitivities towards some organic compounds. 

Due to the use of nanoparticles , the sensor according to the 
invention has a high sensitivity with a high signal-to-noise ration even 
for low analyte concentrations. Due to the linking of the nanoparticles 
, the structure is more stable than according to the prior art. 
Especially, stability against humidity. . . 



. . .SPECIFICATION Bl 

This invention relates to a nanoparticle structure for use in an 
electronic device according to the first part of claim 1... 

. . .W. Snow, Anal. Chem. 1998, 70, 2856 proposed a new type of sensor, 
comprising gold nanoparticles deposited on a quartz substrate 
comprising a microelectrode structure. The nanoparticles were deposited 
on the substrate by spraying (airbrush technique) . The conductivity of 
the nanoparticle layer changed with the concentration of toluene vapour 
in the surrounding atmosphere and allowed a... 

...a single electron transistor. 

It is the object of the present invention to provide a nanoparticle 
structure which is specially suitable for use in an electronic device and 
specially in a. . . 

...more closely tailored to the needs of analytic porcesses. 

This object is achieved by a nanoparticle structure according to 
claim 1, by the use of a sensor according to claim 11... 

...semiconductor. The latter is preferred if the device is used in an 
integrated structure. The nanoparticles preferably are made of good 
conductors. In order to provide chemical stability it is preferred... 

...preferred. The function of the bifunctional or polyf unctional ligands is 
to connect two or more nanoparticles so that a structure is formed that 
is both mechanically and electrochemically stabilized. 

In a preferred embodiment of the invention the nanoparticles are 
arranged in layers, wherein nanoparticles in each of said layers and 
nanoparticles of adjacent layers are interconnected by one or more of 
said ligands. 

Preferably, the ligands interconnecting the nanoparticles are 
basically of the same length, although it may also be envisaged to use 
ligands of different lengths, for example connecting layers and for 
connecting nanoparticles within one layer, respectively. 

In a preferred embodiment it is provided that said ligands comprise... 

...or inorganic compounds may be used as linkers (ligands). 

According to a specific embodiment, the nanoparticle structure is 
integrated together with a transistor structure to form a controlling 
element for current . . . 

...out above, wherein a (resonant) tunneling structure is formed by one or 
more layers of nanoparticles sandwiched between insulating barriers and 
this tunneling structure is arranged to control a transistor by. . . 

...or gas phase, wherein the analyte is detected by a change of 
conductivity of the nanoparticle structure. 

Furthermore, the invention provides a sensor for detecting one or more 
analytes in a. . . 

...gas phase, especially a sensor forming an electronic device as set out 
previously, comprising a nanoparticle structure, which is accessible to 
an analyte in the environment of the sensor, and means for detecting the 
conductivity of said nanoparticle layer, characterized in that the 
nanoparticle structure comprises a substrate and semiconductor and/or 
metal nanoparticles , wherein the nanoparticles are linked with each 
other and/or the substrate by bifunctional or polyf unctional ligands. 
Preferably the means for detecting the conductivity of said 



nanoparticle layer work according to an electric measurement principle, 
i.e. they detect the current flowing... 

. . .used. Although this is the preferred embodiment, other ways for 

detecting the conductivity of the nanoparticle layer and related means 
could be contemplated for use in the sensor according to the . . . 

...optically determining the conductivitiy, e.g. by optically measuring the 
complex dielectric function of the nanoparticle structure. 

The invention may especially provide that the ligands define cavities 
having a size greater... 

. . . said analyte . 

Furthermore, the invention may provide that the surface of at least of 
some nanoparticles is modified to favour adsorption of a specific 
analyte and/or hinder or prevent adsorption of substances other than said 
analyte . 

The invention especially applies to a sensor that it is adapted to 
detect one ore more of the following substances: ammonia , ethanol, 
propanol, water, aliphatic and aromatic hydrocarbons. 

According to a specific embodiment of the invention it may be provided 
that the sensor comprises an amplifying element controlled by the 
current flowing through the nanoparticle structure. 

Especially, the nanoparticle structure may be arranged such that it 
controls the base current of a bipolar transistor through changes of its 
conductivity. 

Furthermore, it can be provided that the nanoparticle structure is 
enclosed between two tunneling barriers and forms a resonant tunneling 
device controlling the amplifying element. 

Preferably the nanoparticle structure is integrated together with 
said amplifying element in an integrated circuit (IC) . 

According to a specific embodiment, a chemically selective membrane is 
provided on top of the nanoparticle structure so that it is exposed to 
the analyte, or within the nanoparticle structure. 

The invention also provides an advantageous method to produce a 
nanoparticle structure for use in devices and/or in sensors as described 
above, which are characterized. . . 

...Especially, such a method may comprise the following steps: 

a) linking a first layer of nanoparticles to a substrate by ligand 
molecules, 

b) linking bifunctional or polyf unctional ligands to said first layer 
of nanoparticles , 

c) linking a further layer of nanoparticles to said bifunctional or 
polyf unctional ligands, wherein steps b) and c) may be repeated to create 
a plurality of stacked nanoparticle monolayers on said substrate. 
Preferably, the nanoparticle layers are essentially monolayers. 

Preferably the entire nanoparticle structure has a thickness in the 
range of 50 to 100 nm. In the preferred embodiments, the nanoparticle 
structure comprises about 10 to 20 layers. 

The term " nanoparticle as used in the context of this application, 
is to be understood as a particle... 

. . .using bifunctional or polyf unctional ligands it is also possible to 
define the location of the nanoparticles with regard to each other and 
to the substrate in a much more precise manner. . . 

...adjusting the size of the ligands and thus the size of the cavities 
between the nanoparticles , the size of these cavities can be adjusted 
to fit the size of an analyte... 



. . .possible to promote the selectivity by providing the ligands and/or the 
surface of the nanoparticles with desirable chemical properties 
favouring the adsorption of the analyte and preventing or hindering the 
adsorption of undesired substances. The new nanoparticle structure 
according to the invention is not only useful for sensors, but also for 
producing. . . 

...comprise a resonant tunneling transistor, wherein the tunneling element 
is formed by at least one nanoparticle structure between two insulating 
barriers. Resonant tunneling transistors are described, for example, in 
Michael S . . . 

...made by conventional techniques, e.g. employing semiconductors, by a 
resonant tunneling device comprising a nanoparticle structure having 
tunneling barriers on both sides. 

Further features and advantages of the present invention. . . 

...for use as a chemical sensor and 

Fig. 2 schematically shows the nature of the nanoparticle structure 
employed according to the present invention. 

In the embodiment schematically shown in Fig. 1... 

. ..1, which may be a glass plate, a silicon wafer or the like, carrying a 
nanoparticle structure 3 . On the nanoparticle structure there are 
contacts 5, 7 to be connected with a power supply 8 and a current 
measuring device 9 for determining the conductivity or resistance of the 
nanoparticle structure. The contacts 5 and 7 may be of any suitable form 
and may especially. . . 

...these contacts is only relevant in that they should allow measuring the 
conductivity of the nanoparticle structure in a reliable way. For 
example, it could be envisaged to provide them on the substrate. 

Fig. 2 shows the nanoparticle structure and its connection to the 
substrate schematically in more detail. On the substrate 1 a first layer 
I of nanoparticles 11 is provided, which are linked to the substrate by 
linking molecules or ligands 13. Suitable ligands for fixing the 
nanoparticles to a substrate are well known and available to people 
skilled in the art. For example, if the nanoparticles consist of gold 
and a glass substrate is used, a suitable ligand is 

3-aminopropyltriethoxysilane. The nanoparticles 11 of layer I are also 
linked with each other through ligands 15, which are preferably different 
from the ligands 13 linking the nanoparticles to the substrate. Such 
ligands may especially be mercaptoalkylsilanes , aminoalkylsilanes, 
dimercaptoalkanes, diaminoalkanes or polyfunctionalized polymers. 

Overlying the first layer of nanoparticles there is a second layer II 
of nanoparticles 11 which are linked to the nanoparticles of the 
first layer I by said ligands 15 and also linked with each other... 

...I. On the second layer, there may be one or more further layers (III) of 
nanoparticles which are interlinked within the layer and to the layer 
below in the manner previously described. Preferably, in order to allow 
an easy diffusion of analytes, the nanoparticle layer should be thin, 
but thick enough to allow a conductivity in a range that can be readily 
detected. A presently preferred range for the thickness of the 
nanoparticle structure is about 50 to 100 nm. 

In order to improve the selectivity of the sensor, a selective membrane 
may be arranged on top of the uppermost nanoparticle layer or embedded 
in the nanoparticle structure. Such membranes may be manufactured in a 
variety of manners, especially by molecular imprinting... 

...1998, 10, 149), which also allow to implement a selective membrane or 



structure within the nanoparticle structure . 

From Fig. 2 it can be seen that the ligands connecting nanoparticles 
11 define cavities into which analyte molecules 17 may diffuse. If 
analyte molecules occupy these cavities, the conductivity of the 
nanoparticle structure changes . It was shown that the amount and 
direction of the change (positive or. . . 

. ..analytes. Depending on the nature of the analyte and the materials used 
to build the nanoparticle structure, adsorption to the nanoparticles 
and/or to the ligands may also take place. By tailoring the size of these 



..Furthermore, adsorption of analyte molecules may be promoted by 
adjusting the chemical properties of the nanoparticles and/or the 
ligands in a manner well known per se. For example, hydrophilic, 
hydrophobic . . . 

..is promoted and the adsorption of undesired substances, e.g. water, is 
prevented. 

Likewise, the nanoparticles may be chosen to consist of a suitable 
metal and/or to have a surface... 

. .gold or platinum, which are also chemically inert, are preferred as 
basic materials for the nanoparticles in order to get a good 
conductivity signal. However, other materials showing an acceptable 
conductivity. . . 

surface with linking molecules linking to the substrate and able to link 
to the envisaged nanoparticles as well. On the substrate surface thus 
prepared a first layer of nanoparticles is provided which are linked to 
said linking molecules. In the next step multifunctional ligands linking 
to the nanoparticles are added to which a new layer of nanoparticles 
is linked in the next step and so on so that by adding step by step 
nanoparticles and multifunctional ligands a layered structure is formed. 



Example 

In order to prepare a sensor according to the present invention, 
nanoparticles were prepared as described in D.V. Leff , L. Brandt, J.R. 
Heath, Langmuir, 1996. . . 

.linked with each other and self -assembled by the use of 

1, 6-dimercaptohexane. The nanoparticle structure thus created consists 
of several layers of self -assembled nanoparticles . Contacts were 
applied and connected to a resistance measuring circuit. The sensors thus 
built showed. . . 

.device towards the analytes could be adjusted by heating the structure 
before using as a sensor . For example, the response to an exposure to 
ammonia or water changed from an increase to a decrease of conductivity 
after curing it at elevated temperature. The use of a long-chain 
dithiolalkanes as bifunctional linkers between the nanoparticles 
improved the sensitivities towards some organic compounds. 

Due to the use of nanoparticles , the sensor according to the 
invention has a high sensitivity with a high signal-to-noise ration even 
for low analyte concentrations . Due to the linking of the nanoparticles 
, the structure is more stable than according to the prior art. 
Especially, stability against humidity. . . 



CLAIMS 1. Electronic device which comprises a nanoparticle structure and 



is configured such that a current can be conducted through said 
nanoparticle structure , 

characterized in that the nanoparticle structure comprises a 
substrate and metal and/or semiconductor nanoparticles , wherein the 

nanoparticles are linked to each other and/or to the substrate by 
bifunctional or polyf unctional ligands. 

2. Electronic device according to claim 1, characterized in that the 

nanoparticles are arranged in layers, wherein nanoparticles in 
each of said layers and nanoparticles of adjacent layers are 
interconnected by one or more of said ligands. 

3. Electronic device... 

...5. Electronic device according to one of claims 1 to 4, characterized in 
that the nanoparticle structure is integrated together with a 
transistor structure to form a controlling element for current... 

...characterized in that a resonant tunneling structure is formed by one or 
more layers of nanoparticles sandwiched between insulating barriers 
and that this tunneling structure is arranged to control a transistor 



...sensor forming an electronic device according to one of claims 1 to 7, 
comprising a nanoparticle structure, which is accessible to an 
analyte in the environment of the sensor, and means for detecting the 
conductivity of said nanoparticle layer, 

characterized in that the nanoparticle structure comprises a 
substrate and semiconductor and/or metal nanoparticles , wherein the 

nanoparticles are linked with each other and/or the substrate by 
bifunctional or polyf unctional ligands. 

9. . . 

. . .of claims 8 to 10, characterized in that the surface of at least of some 
nanoparticles is modified to favour adsorption of a specific 
analyte and/or hinder or prevent adsorption of substances other than 
said analyte. 

12. Sensor according to one of claims 8 to 11, characterized in that it 
is adapted to detect one or more of the following substances: 
ammonia , ethanol, propanol, toluene, water, hexanes . 

13. Sensor according to one of claims 8 to 12, characterized in that it 
comprises an amplifying element controlled by the current flowing 
through the nanoparticle structure. 

14. Sensor according to claim 13, characterized in that the nanoparticle 

structure is arranged such that it controls the base current of a 
bipolar transistor through. . . 

. . .conductivity. 

15. Sensor according to one of claims 13 or 14, characterized in that the 

nanoparticle structure is enclosed between two tunneling barriers 
and forms a resonant tunneling device. 

16. Sensor according to one of claims 13 to 15, characterized in that the 

nanoparticle structure is integrated together with said amplifying 
element in an integrated circuit (IC) . 

17 . Sensor. . . 

...characterized in that a chemically selective membrane is provided on top 
of or within the nanoparticle structure. 

18. Method for producing a nanoparticle structure for use in an 
electronic device according to one of claims 1 to 7 . . . 



...claims 8 to 17, characterized by the following steps: 

a) linking a first layer of nanoparticles to a substrate by ligand 
molecules, 

b) linking bifunctional or polyf unctional ligands to said first layer of 

nanoparticles , 

c) linking a further layer of nanoparticles to said bifunctional or 
polyf unctional ligands . 

19. Method according to claim 18, characterized in that steps b) and c) 
are repeated to create a plurality of stacked nanoparticle 
monolayers on said substrate. 

. . . CLAIMS Bl 

1. Nanoparticle structure for use in an electronic device configured 
such that a current can be conducted through said nanoparticle 
structure (3) , 

the nanoparticle structure (3) comprising a substrate (1) and 
metal and/or semiconductor nanoparticles (11) , wherein the 
nanoparticles (11) are linked to each other and/or to the substrate 
(1) by bifunctional or. . . 

...cavities having a size greater or equal to that of a molecule diffusing 
therein. 

2. Nanoparticle structure according to claim 1, characterized in that 
molecules diffusing into said cavities are of one or more of the 
following substances: ammonia, ethanol, propanol, toluene, water, 
hexanes . 

3. Nanoparticle structure according to claim 1 or 2 , characterized in 
that the nanoparticles (11) are arranged in layers, wherein 
nanoparticles (11) in each of said layers and nanoparticles (11) 
of adjacent layers are interconnected by one or more of said ligands 
(15) . 

4. Nanoparticle structure according to one of claims 1 to 3, 
characterized in that said ligands (13, 15) comprise one or more 
amino groups and/or one or more thiol groups. 

5. Nanoparticle structure according to one of claims 1 to 4 , 
characterized in that the ligands (13... 

...are chosen from the group comprising mercaptoalkylsilanes , 

aminoalkylsilanes , dimercaptoalkanes , dithiolalkanes , diaminoalkanes , 
dihydroxylalkanes and dicarboxylalkanes . 

6. Nanoparticle structure according to one of claims 1 to 5, 
characterized in that the nanoparticle structure (3) is integrated 
together with a transistor structure to form a controlling element 
for current between terminals of the transistor. 

7. Nanoparticle structure according to claim 6, characterized in that a 
resonant tunneling structure is formed by one or more layers of 
nanoparticles (13, 15) sandwiched between insulating barriers and 
that this tunneling structure is arranged to control... 

...current flowing therethrough in response to a voltage applied to the 
resonant tunneling structure. 

8. Nanoparticle structure according to one of claims 1 to 7, 
characterized in that the ligands (13... 

...and/or to prevent or hinder the adsorption of substances other than said 
analyte . 

9. Nanoparticle structure according to one of claims 1 to 8, 
characterized in that the surface of at least of some nanoparticles 



(11) is modified to favour adsorption of a specific analyte and/or 
hinder or prevent adsorption of substances other than said analyte. 
10. Use of a nanoparticle structure according to one of claims 1 to 9 
as a sensor for selectively detecting... 

.Sensor for detecting one or more analytes in a liquid or gas phase, 
comprising a nanoparticle structure (3) according to claim 1 and 
further comprising a substrate (1) and means for detecting the 
conductivity of said nanoparticle structure (3) . 

12. Sensor according to claim 11, characterized in that the ligands (13, 
15... 

.to claim 11 or 12, characterized in that the surface of at least of some 
nanoparticles (11) is modified to favour adsorption of a specific 
analyte and/or hinder or prevent adsorption of substances other than 
said analyte. 

14. Sensor according to one of claims 11 to 13, characterized in that 
it is adapted to detect one or more of the following substances: 
ammonia , ethanol, propanol, toluene, water, hexanes . 

15. Sensor according to one of claims 11 to 14, characterized in that 
it comprises an amplifying element controlled by the current flowing 
through the nanoparticle structure (3) . 

16. Sensor according to claim 15, characterized in that the nanoparticle 

structure is arranged such that it controls the base current of a 
bipolar transistor through. . . 

. conductivity. 

17. Sensor according to one of claims 15 or 16, characterized in that the 

nanoparticle structure (3) is enclosed between two tunneling 
barriers and forms a resonant tunneling device. 

18. Sensor according to one of claims 15 to 17, characterized in that the 

nanoparticle structure (3) is integrated together with said 
amplifying element in an integrated circuit (IC) . 

19. . . 

.characterized in that a chemically selective membrane is provided on top 
of or within the nanoparticle structure. 

20. Method for producing a nanoparticle structure according to claim 1 
for use in an electronic device and/or a sensor... 

.one of claims 11 to 19, comprising the steps: 

a) linking a first layer of nanoparticles (11) to a substrate (1) by 
ligand molecules (13) ; 

b) linking bifunctional or polyfunctional ligand molecules (15) to said 
first layer of nanoparticles (11) , the size of the ligand molecules 
(15) being adjusted such that cavities between said nanoparticles 
(11) are formed having a size permitting the analyte to be detected 
to diffuse into said cavities; and 

c) linking a further layer of nanoparticles (11) to said bifunctional 
or polyfunctional ligands (15) . 

21. Method according to claim 20, characterized in that steps b) and c) 
are repeated to create a plurality of stacked nanoparticle 
monolayers on said substrate (1) . 

22. Method according to claim 20 or 21, characterized in that it 
comprises the step of modifying the surface of at least some 
nanoparticles (11) to favour adsorption of a specific analyte and/or 
hinder or prevent adsorption of... 

.CLAIMS oder Verhinderung oder Behinderung der Adsorption von anderen 

Substanzen als dem Analyt modifiziert ist. 
14. Sensor nach einem der Anspruche 11 bis 13, dadurch gekennzeichnet , 



das er zur Detektion einer oder mehrerer der folgenden Subtanzen 
geeignet ist: Ammoniak , Ethanol, Propanol, Toluen, Wasser, Hexan. 

15. Sensor nach einem der Anspruche 11 bis 14, dadurch gekennzeichnet , 
das er ein durch den durch. . . 

. CLAIMS Bl 

1. Structure a nanoparticules destinee a etre utilisee dans un 

dispositif electronique configure de telle maniere qu'un courant peut 
etre etabli a t ravers ladite structure a nanoparticules (3) , la 
structure a nanoparticules (3) comprenant un subs t rat (1) et des 
nanoparticules metalliques et/ou semiconductrices (11) , ou les 
nanoparticules (11) sont liees entre elles et/ou au substrat (1) par 
des ligands bif onctionnels ou. . . 

.superieure ou egale a celle d'une molecule diffusant a l'interieur. 

2. Structure a nanoparticules selon la revendication 1, caracterisee en 

ce que les molecules diffusant dans lesdites cavites sont... 

.une ou plusieurs des substances suivantes : ammoniac, ethanol, propanol, 
toluene, eau, hexanes. 

3. Structure a nanoparticules selon la revendication 1 ou 2, 

caracterisee en ce que les nanoparticules (11) sont disposees en 
couches, ou les nanoparticules (11) dans chacune desdites couches 
et les nanoparticules (11) de couches adjacentes sont reliees entre 
elles par un ou plusieurs desdits ligands (15) . 

4. Structure a nanoparticules selon l ! une des revendications 1 a 3, 

caracterisee en ce que lesdits ligands (13... 
.un ou plusieurs groupes amino et/ou un ou plusieurs groupes thiol. 

5. Structure a nanoparticules selon l'une des revendications 1 a 4, 

caracterisee en ce que les ligands (13... 

.aminoalkylsilanes, les dimercaptoalcanes , les dithiolalcanes , les 
diaminoalcanes, les dihydroxylalcanes et les dicarboxylalcanes . 

6. Structure a nanoparticules selon l'une des revendications 1 a 5, 

caracterisee en ce que la structure a nanoparticules (3) est 
integree avec une structure de transistor pour former un element de 
commande pour le courant entre les bornes du transistor. 

7. Structure a nanoparticules selon la revendication 6, caracterisee en 

ce qu'une structure tunnel resonante est formee par une ou plusieurs 
couches de nanoparticules (13, 15) incluses entre des barrieres 
isolantes et en ce que cette structure tunnel est... 

.elle en reponse a une tension appliquee a la structure tunnel resonante. 

8. Structure a nanoparticules selon l'une des revendications 1 a 7, 

caracterisee en ce que les ligands (13... 

.ou pour empecher ou entraver 1' adsorption de substances differentes 
dudit analyte. 

9. Structure a nanoparticules selon l'une des revendications 1 a 8, 

caracterisee en ce que la surface d'au moins certaines 
nanoparticules (11) est modifiee pour favoriser 1' adsorption d'un 
analyte specif ique et/ou pour entraver ou empecher l 1 adsorption de 
substances differentes dudit analyte. 

10. Utilisation d'une structure a nanoparticules selon l'une des 
revendications 1 a 9 comme capteur pour detecter selectivement un ou 

.detecter un ou plusieurs analytes dans une phase liquide ou gazeuse 
comprenant une structure a nanoparticules (3) selon la 
revendication 1 et comprenant en outre un substrat (1) et des moyens 



pour detecter la conductivite de ladite structure a nanoparticules 

(3) . 

12. Capteur selon la revendication 11, caracterise en ce que les ligands 
(13, 15... 

...la revendication 11 ou 12, caracterise en ce que la surface d ! au moins 
certaines nanoparticules (11) est modifiee pour favoriser 
1' adsorption d'un analyte specif ique et/ou entraver ou. . . 

...l ! une des revendi cat ions 11 a 13, caracterise en ce qu'il est concu pour 
detecter une ou plusieurs des substances suivantes : ammoniac , 
ethanol, propanol, toluene, eau, hexanes. 

15. Capteur selon l f une des revendications 11 a 14... 

...qu'il comprend un element amplif icateur commande par le courant 
circulant dans la structure a. nanoparticules (3). 

16. Capteur selon la revendication 15, caracterise en ce que la structure 
a nanoparticules est agencee de telle maniere qu'elle commande le 
courant de base d'un transistor... 

...selon l'une des revendications 15 ou 16, caracterise en ce que la 

structure a nanoparticules (3) est incluse entre deux barrieres 
tunnel et forme un dispositif tunnel resonant. 

18. Capteur selon l'une des revendications 15 a 17, caracterise en ce que 
la structure a nanoparticules (3) est integree avec ledit element 
amplif icateur dans un circuit integre (CI) . 

19. Capteur selon. . . 

...en ce qu'une membrane chimiquement selective est disposee sur ou dans la 
structure a nanoparticules . 

20. Procede pour produire une structure a nanoparticules selon la 
revendication 1 destinee a etre utilisee dans un dispositif 
electronique et/ou un. . . 

...des revendications 11 a 19, comprenant les etapes : 

a) liaison d'une premiere couche de nanoparticules (11) a un substrat 
(1) par des molecules de ligands (13) ; 

b) liaison de molecules de ligands bif onctionnels ou polyf onctionnels 
(15) a ladite premiere couche de nanoparticules (11) , la taille des 
molecules de ligands (15) etant ajustee de telle sorte qu'il se forme 
entre lesdites nanoparticules (11) des cavites ayant une taille 
permettant a 1' analyte a detecter de diffuser dans lesdites cavites ; 
et 

c) liaison d'une couche supplementaire de nanoparticules (11) auxdits 
ligands bif onctionnels ou polyf onctionnels (15) . 

21. Procede selon la revendication 20, caracterise en... 

. . .que les etapes b) et c) sont repetees pour creer une pluralite de 

monocouches de nanoparticules empilees sur ledit substrat (1) . 

22. Procede selon la revendication 20 ou 21, caracterise en ce qu'il 
comprend 1 ' etape de modification de la surface d'au moins certaines 
nanoparticules (11) pour favoriser 1 'adsorption d'un analyte 
specif ique et/ou pour entraver ou empecher. . . 
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PATENT 



Detecting target analy te/biomarker , involves mixing nano structure -based 
assembly with biological fluid sample and analyzing mixture of 
nanostructure-based assembly and biological fluid sample with sensor 
technology - nanostructure-based assembly for biosensor or DNA 
biosensor manufacture and target analyte or biomarker detection 

AUTHOR: MELKER R J; HAYES R L; WANG K K; DENNIS D M 

PATENT ASSIGNEE: UNIV FLORIDA RES FOUND INC 2005 

PATENT NUMBER: WO 200533707 PATENT DATE: 20050414 WPI ACCESSION NO.: 

2005-296174 (200530) 
PRIORITY APPLIC. NO.: US 678506 APPLIC. DATE: 20031002 
NATIONAL APPLIC. NO.: WO 2004US29131 APPLIC. DATE: 20040903 
LANGUAGE: English 

...ABSTRACT: and protease-specif ic spectrin breakdown products. The target 
analyte/biomarker is chosen from acetaldehyde, acetone, ammonia , CO, 
chloroform, dichlorobenzene, diethylamine, hydrogen, isoprene, 
methanethiol, methylethylketone , O-toluidine, pentane sulfides and 
sulfides, hydrogen sulfide, 2- (n-morpholine) ethanesulfonic acid (MES) 
and Me2S. The sensor technology is chosen from surface-acoustic-wave 
sensors, fluid sensor technology, semiconductive gas sensors, mass... 
...of the surrogate marker from the amplitude. The nanostructure-based 
assembly comprises at least one nanoparticle comprising a surrogate 
marker and an unit for detecting a target analyte/biomarkers , where the 
unit for detecting the target analyte/biomarker is bound to the 
nanoparticle in such a way as to affect the release of the surrogate 
marker when in. . . 
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Diagnosing and treating a condition , e.g. anemia, comprises administering a 
nanoparticle -based assembly having a nanoparticle , surrogate 
marker, mode for detecting a specific chemical entity, and a payload, 
to a patient - for atherosclerosis, glycogen storage disease, leukemia, 
anaplastic lymphoma, hemophilia, thrombocytopenia, anemia diagnosis, 
therapy and gene therapy 

AUTHOR: MELKER R J; DENNIS D M 

PATENT ASSIGNEE: MELKER R J; DENNIS D M 2005 

PATENT NUMBER: US 20050037374 PATENT DATE: 20050217 WPI ACCESSION NO.: 

2005-180389 (200519) 
PRIORITY APPLIC. NO.: US 744789 APPLIC. DATE: 20031223 
NATIONAL APPLIC. NO.: US 744789 APPLIC. DATE: 20031223 
LANGUAGE: English 

Diagnosing and treating a condition, e.g. anemia, comprises administering a 
nanoparticle -based assembly having a nanoparticle , surrogate 
marker, mode for detecting a specific chemical entity, and a payload, 
to a patient. . . 

...ABSTRACT: and treating (Ml) a condition, disease, or disorder comprises: 
(a) administering a composition comprising a nanoparticle -based 
assembly, which has a nanoparticle , surrogate marker, and a mode for 
detecting a specific chemical entity (SCE) , and a payload... 

... disease, or disorder, comprises: (a) administering to a patient, a 
composition comprising at least one nanoparticle -based assembly, 
which has a nanoparticle , surrogate marker, and a mode for detecting 
a specific chemical entity (SCE) , and a payload. . . 



.disease/disorder states of a patient, is also disclosed. BIOTECHNOLOGY - 
Preferred Method: In (Ml), the nanoparticle is a nanotube. The 
SCE-detecting mode is chosen from an antibody, protein and aptamer. . . 



... or mixture containing homogenized solid materials chosen from feces, 
tissues, and biopsy samples. The SCE- detecting mode has a specific 
action on compounds chosen from acetaldehyde, acetone, ammonia , 
carbon monoxide, chloroform, diethylamine, hydrogen, isoprene, 
methanethiol, methylethylketone, O-toluidine, pentane sulfides and 
sulfides, hydrogen. . . 

monocytic markers, maturity status markers, alpha- fetoprotein, 
beta2 -microglobulin, and beta human chorionic gonadotropin. The 
nanoparticle is formed with an interior void that contains the 
surrogate marker, where the nanoparticle has at least one open end to 
provide access to the interior void. The interior void also contains a 
payload. The nanoparticles further include an end-cap to block the 
open end. The end-cap is a... 

... a maximum dimension of less than 100 microm. The end-cap is attached to 
the nanoparticle by covalent bonds. The nanoparticle is in the form 
of a tubular body, and SCE-detecting mode is attached to the end-cap. 
The nanoparticle is composed of silica or polymer. The SCE-detecting 
mode is attached to a surface of the nanoparticle using 
copolymerization. The SCE-detecting mode is incorporated into the 
nanoparticle . The nanoparticle is produced in a shape chosen from 
spherical, elliptical, cubic, cylindrical, tetrahedron, polyhedral, 
irregular-prismatic, icosahedral and cubo-octahedral . The nanoparticle 
has a dimension of less than 500 nm. The surface of the nanoparticle 
is stealthy. The payload is chosen from genetic materials, RNA, 
oligonucleotides, polynucleotides, peptides, proteins, enzymes... 
DESCRIPTORS: nanoparticle -based assembly, surrogate marker, appl . , 
atherosclerosis, glycogen storage disease, leukemia, anaplastic 
lymphoma, hemophilia, thrombocytopenia, anemia... 
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Sensor activity of thin polymer films containing lead nanoparticles 
Bochenkov V.E.; Stephan N.; Brehmer L.; Zagorskii V.V. ; Sergeev G.B. 
V.E. Bochenkov, Department of Chemistry, Lomonosov Moscow State 
University, 119899 Moscow Russian Federation 
AUTHOR EMAIL: boch@kinet.chem.msu.ru 

Colloids and Surfaces A: Physicochemical and Engineering Aspects ( 

COLLOIDS SURF. A PHYSICOCHEM. ENG. ASP. ) (Netherlands) 18 FEB 2002, 

198-200/- (911-915) 

CODEN: CPEAE ISSN: 0927-7757 

PUBLISHER ITEM IDENTIFIER: S092 7775701010196 

DOCUMENT TYPE: Journal ; Conference Paper 

LANGUAGE: ENGLISH SUMMARY LANGUAGE: ENGLISH 

NUMBER OF REFERENCES: 7 

Sensor activity of thin polymer films containing lead nanoparticles 

Thin poly (p-xylylene) films containing lead nanoparticles were prepared 
by vacuum deposition technique. The vapors of p-xylylene monomer and lead 



were . . . 

...obtained were characterized by electric conductivity measurements during 
film samples formation. Such metallopolymer films exhibit sensor activity 
in the presence of ammonia in the atmospheric air. The influence of air 
humidity and the co-operative effect of ammonia together with water 
vapors on film resistance were studied, (c) 2002 Elsevier Science B.V... 
MEDICAL DESCRIPTORS: 

sensor; film; nanoparticle ; vacuum; technique; polymerization; electric 
conductivity; air; humidity; water vapor; room temperature; conference 
paper; priority journal 
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Studies on lean nitrogen oxide reduction with ammonia : Catalysts and 

sensors 

...increased, as NO oxidation sites became available. It was further 
shown that transient supply of ammonia enhanced the total NO reduction up 
to five times compared to continuous supply. 

The sensing layer of an ammonia sensor was investigated by 
studying a model system consisting of Pt nanoparticles supported on 
silica. In situ FTIR spectroscopy provided evidence for NH<sub>2</sub> 
species . . . 
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...It has the advantage of tolerating temperatures as high as 
13 5°C, compared to ammonia gas sensors which can tolerate no more 
than 60 °C. 

As Nanotechnology is becoming increasingly integrated. . . 



. . .has become a way to fabricate nanoscale systems with new or improved 
biological properties. Alumina nanopar tides can be f unctionalized with 
biological molecules through condensation of surface hydroxyls between 
alumina with phosphoryl . . . 

...The enzyme pepsin has one phosphoryl group on its serine 68 residue. The 
alumina -pepsin nanoparticles are compared with the corresponding coupling 
with micro-sized particles. The capacity of the nanoparticles to binding 
pepsin on nanoparticles was about ten times larger than that on 
micro-sized particles. Both commercial yalumina nanoparticles and 
amorphous alumina nanoparticles derived from tetrametallic molecular 
precursors were used for the conjugation studies. Also, a recombinaut 
glutathione . . . 

...transferase (GST) was phosphorylated by a protein kinase. The 
conjugation of phosphorylated GST with alumina nanoparticles was compared 
with the coupling of native GST with nanoparticles . The coupling process 
is highly reversible, with over 93% bound enzyme being released after 
incubation with phosphate solution. Alumina nanoparticles can be 
assembled together with the dimeric recombinant phosphorylated GST to form 
higher order structures . 
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products will include new CNT (carbon nanotube) electron sources in 
both diode and triode mode, nanoparticle sensors (hydrogen, humidity 
and ammonia ) , miniature x-ray tubes using CNT cathodes, and new 
nanomaterials (silicon quantum dots, magnetic CNTs... 

. . .nanowires, carbon nanotube composites, magnetic carbon nanotubes, etc., 
use of new nano-sized materials and nanoparticles in sensor 
applications for hydrogen, humidity, ammonia , and others, nano-electronic 
devices such as vacuum nano- transistors , ultra-capacitors, microwave matrix 
sources . . . 
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New sensors, automated analyzers spur clinical diagnostics advances. (Part 2 
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for commercialization 



Mesa Institute for 
Nano tec hno 1 ogy 
(Twente, the 
Netherlands) 



. develop - 

(Nanjing, China) 



Oxford Biosensors 
(Oxfordshire, UK) 



Nanotechnology-based 
vibrational sensors for 
analysis of ammonia in 
breath, lithium detec- 
tion in whole blood. 
Silicon microneedles for 
painless blood micro. . . 

field-effect transistor 
(ENFET) employing Mn02 
nanoparticles for 
enhanced sensitivity 

Carbon ink-based elec- 
trochemical sensor. . . 



partners for 
diagnostics . 

Research-use proto- 
types developed. 



ment for in-vitro 
glucose testing. 



Prototype handheld 



4/3,KWIC/ll (Item 1 from file: 94) 

DIALOG (R) File 94 : JICST-EPlus 

(c)2006 Japan Science and Tech Corp(JST). All rts. reserv. 

05995389 JICST ACCESSION NUMBER: 05A0204883 FILE SEGMENT: JICST-E 
Construction of PEGylated Gold Colloid- Assembled Surface for High 
Performance Biosensor 

ISHII TAKEHIKO (1); SUZUKI YUKO (1); AKIYAMA YOSHITSUGU (2); KATAOKA 
KAZUNORI (2); OTSUKA HIDENORI (3); NAGASAKI YUKIO (4) 

(1) Sci. Univ. Tokyo, Graduate School of Industrial Sci. and Technol . , JPN 

; (2) Univ. Tokyo, Graduate School of Engineering, JPN; (3) National Inst. 
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Kobunshi Ronbunshu (Japanese Journal of Polymer Science and Technology), 
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LANGUAGE: Japanese COUNTRY OF PUBLICATION: Japan 

DOCUMENT TYPE: Journal 

ARTICLE TYPE: Original paper 

MEDIA TYPE: Printed Publication 

...ABSTRACT: then it was treated by a primary amino group via a reductive 
amination reaction with ammonia . The obtained amino- PEGylated gold 
colloids showed high dispersion stability under the physiological 
conditions. The amino-PEGylated gold colloid was fixed on the surface 
plasmon sensor surface via covalent linkage using a NHS-linker. The 
amine-PEG-gold colloid surface prevented. . . 

IDENTIFIERS : nanoparticle 
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DOCUMENT TYPE: Conference Proceeding 
ARTICLE TYPE: Original paper 
MEDIA TYPE: Printed Publication 

...ABSTRACT: electrospinning of homogenous solution of poly(vinyl 

alcohol) (PVA) , poly(acrylic acid) (PAA) and Ti02 nanoparticles . A 
series of nanofiber samples with different concentration of PAA were 
fabricated on the QCM. . . 

. . .resonance frequency shift due to additional mass loading. The results 
showed the sensing properties for ammonia gas were strongly affected 
by the concentration of PAA in nanofibers. And the sensor was 
suitable to detect the low concentration of ammonia gas. (author 
abst.) 
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Quartz crystal ammonia gas sensor using a layer-by- layer self assembly 
thin film 

ABSTRACT: Nanoporous and hetero structure thin film consisted of weak 

polyelectrolytes and Ti02 nanoparticles was fabricated by immersing 
the thin film assembled via layer-by- layer self assembly (LBL. . . 

.. .poly (acrylic acid) were broken in acidic water, which contributed to 

separate the agglomerated Ti02 nanoparticles deposited on the surface 
of thin film. In order to evaluate the gas sensitivity of... 
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Development of functional! zed terbium fluorescent nanoparticles for 
antibody labeling and time- resolved f luoroimmunoassay application 

Silica-based f unctionalized terbium fluorescent nanoparticles were 
prepared, characterized and developed as a fluorescence probe for antibody 
labeling and time-resolved f luoroimmunoassay . The nanoparticles were 
prepared in a water- in-oil (W/0) microemulsion containing a strongly 
fluorescent Tb. . . 

. . . with ammonia water. The characterizations by transmission electron 
microscopy and fluorometric methods show that the nanoparticles are 
spherical and uniform in site, 45 +- 3 nm in diameter, strongly fluorescent 
with fluorescence... 

...a long fluorescence lifetime of 2.0 ms . The amino groups directly 
introduced to the nanoparticle ' s surface by using AEPS in the preparation 
made the surface modification and bioconjugation of the nanoparticles 
easier. The nanoparticle -labeled anti-human alpha -fetoprotein antibody 
was prepared and used for time-resolved f luoroimmunoassay of... 

English Descriptors: Nanoparticle ; Time resolution; Fluorescence 

spectrometry; Microemulsion; Ammonia ; Transmission electron microscopy; 
Quantum yield; Lifetime; Chemical modification; Human; Chemical analysis; 

Detection limit; Variation coefficient; Terbium; Antibody; Silica; 
Water; Acetate; Octanol; Cyclohexane; Immunological method; 
Fetoprotein-ANA; Serum. . . 

French Descriptors: Nanoparticule ; Resolution temporelle; Spectrometrie 
fluorescence; Microemulsion; Ammoniac ; Microscopie electronique 
transmission; Rendement quantique; Duree vie; Modification chimique; 
Homme; Analyse chimique; Limite detection ; Coefficient variation; 
Terbium; Anticorps; Silice; Eau; Acetate; Octanol; Cyclohexane; Methode 
immunologique; Foetoproteine-ANA; Serum-SUB. . . 

Spanish Descriptors: Nanoparticula ; Resolucion temporal; Espectrometria 
f luorescencia; Microemulsion; Amoniaco; Microscopia electronica 
transmision; Rendimiento quant ico; Tiempo vida; Modificacion quimica. . . 
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Chemiresistor coatings from Pt- and Au- nanoparticle /nonanedi thiol 
films: Sensitivity to gases and solvent vapors 
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Chemiresistor coatings from Pt- and Au- nanoparticle /nonanedi thiol 
films: Sensitivity to gases and solvent vapors 



... by-layer self-assembly using 1, 9-nonanedithiol (NT) and 
dodecylamine-stabilized Pt- or Au- nanoparticles . The film thickness, as 
determined by atomic force microscopy (AFM) , is 66 +- 2 and 31... 



. . . interpreted with the assumption that NH3 and CO bind to vacant sites on 
the metal nanoparticle cores, whereas water and toluene interact 
preferably with the NT linker molecules. (c) 2003 Elsevier... 

English Descriptors : Nanoparticles ; Chemiresistors ; Vapor; Theory; 
Platinum; Gold plating; Ammonia ; Carbon monoxide; Nanostructured 
materials; Toluene; Polytetraf luoroethylenes ; Isotherms; Absorption; 
Signal to noise ratio; Film preparation; Deposition; Chemical sensors ; 
Experiments 
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Gas sensitivity of composite Langmuir-Blodgett films of Fe203 
nanoparticle -copper phthalocyanine 
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Language: English 

Gas sensitivity of composite Langmuir-Blodgett films of Fe203 
nanoparticle -copper phthalocyanine 

The Langmuir-Blodgett (LB) composite films, ferric oxide nanoparticle 
composite with tris- (2 , 4 -di-t-amylphenoxy) - (8-quinolinolyl) copper 
phthalocyanine (CuPcA2) , were obtained... 

... of the composite films and the pure ferric oxide and pure CuPcA2 LB 
films to ammonia and ethanol were measured at room temperature. The 
composite films could be used as the C2H50H sensors in the range of 2-8 
or 100-200 ppm. The XPS data suggested that the adduct complex NH3-CuPcA2 
was formed after the capped film was exposed to the detected gas of 
ammonia . 

English Descriptors: Nanoparticle -copper phthalocyanine; Theory; Langmuir 
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Nanostructured materials; Chemical sensors ; Experiments 
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Preliminary study of the interaction of metal nanoparticle -containing 
poly-p-xylylene films with ammonia 

English Descriptors: Xylene polymer; Encapsulation; Metal particle; 

Nanometer scale; Lead; Electrical conductivity; Electric resistivity; Gas 
detector ; Ammonia -ANA 

French Descriptors: Xylene polymere; Encapsulation; Particule metallique; 
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using SWNTs grown by chemical vapor deposition (CVD) at 900' C using 

21 

dispersed iron nanoparticles as growth promoter and a me thane /hydrogen 
gas mixture. Electrical leads were patterned on top... other reaction with 
a chemical or biochemical substrate thereby influencing sensor 10 to 
provide a detectable response. For example, amplifier group 46 may 
comprise urease. 

Step (d) above may comprise treating with a urea solution, to produce 
ammonia and carbon dioxide if bound probe 4 6 is present, so as to modify 
the pH of the solution and thereby detectably change the signal of 
sensor 10. Other examples of enzyme systems which may be employed are 
cholinesterase; peroxidase (e.g. 

HRP) ; glucose oxidase, and the like. Other examples of amplifier group 46 
are ferrocene, metal nanoparticles , labels ( nanoparticles , proteins, 
etc.), and the like. 

[001591 FIG. 9E shows schematically an alternative exemplary assay 
embodiment . . . 

. . DNA from genomic DNA in the vicinity of the nanotube device 10. For 
example, labels ( nanoparticles , proteins, etc.) may be used for 
separation of the target DNA from genomic DNA as... 
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English Abstract 

...or treating diseases as well as monitoring disease treatment. For 
diagnosis, the present invention uses nanoparticle -based assemblies, 
which comprise a nanoparticle ; a surrogate marker; and a means for 
detecting a specific chemical entity. In certain embodiments, 
nanoparticle -based assemblies include a payload for simultaneous 
diagnosis and treatment of disease. In further embodiments... 

French Abstract 

...du traitement des maladies. Dans le domaine du diagnostic, 1 ' invention 
fait intervenir des ensembles nanoparticulaires qui contiennent une 
nanoparticule ; un marqueur de substitution; ainsi que des moyens de 
detection d'une entite chimique specif ique. Dans certains modes de 
realisation, les ensembles nanoparticulaires contiennent une charge qui 
permet de diagnostiquer et de traiter simultanement une maladie. Dans d 



Detailed Description 

and the identification of biornarkers for specific diseases and/or 
therapeutic drugs . Nanoteclmology, such as nanoparticles , offers many 
advantages when used for applications such as the delivery of bioactive 
agents (i . . . 

...gene therapy, immunosuppressants, 

chemotherapeutics) , and drug uptake and degradation (i.e., enzyme 
encapsulation) . 

For example, nanoparticles have been proposed as providing 
site-specific distribution of drugs to a target site. Appropriately... 

...In a preferred embodiment, the nanostructure-based assembly of the 
invention is composed of a nanoparticle that contains the following 
components: (a) a means for detecting an SCE; and (b) a surrogate marker. 
For simultaneous diagnosis and treatment of disease, the nanoparticle 
preferably contains an additional component, (c) a "payload, 11 for 
treating the disease that is associated. . . 

...the SCE. Any combination of these components can be attached to any 
surface of the nanoparticle . 



Further embodiments of the invention enable real-time monitoring of 
disease treatment. Therapeutic drug concentration... 

. . .SCE-detector and a target SCE induces the release of the surrogate 

marker from the nanoparticle . Advantageously, the concentration of the 
released surrogate marker can be correlated to the amount of . . . 

...treatment is delivered with disease diagnosis. With these embodiments, 
the nanos t rue ture -based assembly comprises a nanoparticle , a means for 
detecting an SCE, a surrogate marker, and a payload. In operation, these 
...is an accurate indicator of the concentration of therapeixtic drug in 
the blood 0 stream. 

Nanoparticles 

Nanostructure -based assemblies offer timely, and effective detection, 
notification, and treatment of a disease of interest. Such assemblies are 
based on 5 nanoparticles , which provide a mechanism for the targeted 
d(, ©livery and release of detectable markers and/or bioactive treatment 
agents to selected sites within the body. 

According to the present invention, nanoparticles can b e produced in a 
w de range of sizes and shapes, and composed. . . 

...are of a maximum dimension less than 100-150 ram. The "maximum 

dimension" of a nanoparticles is the maximum distance betweem any two 
points in the nanoparticle . In a preferred embodiment, the 
nanoparticles are in the form of tubular bodies (also known as 
"nanotubes" ) , which are either hollow... 

...open ends or one or both closed ends. 

In accordance with the present invention, the nanoparticle -based 
assemblies are composed of biodegradable substances. In other 
embodiments, the nanoparti debased assemblies of the invention are 
composed of biocompatibl e substances. 

Methods of preparation of nanoparticles are well known in the art. For 
example, the preparation of monodisperse sol -gel silica. . . 

. ..al., "Synthesis of Microporous Silica Spheres," J. Colloids and 
Interface Science, 227, 3 02 (2000) . 
Nanoparticles , in accordance with the present invention, can be 
prepared from a single material or a... 

...of materials including, but not limited to, 

polymers, semiconductors, carbons, or Li+ intercalation materials. Metal 

nanoparticles include those made from gold or silver. Semi-conductor 
nanoparticles include those made from silicon or germanium. Polymer 
nanoparticles include those 

made from biocompatible or biodegradable polymers. The ability to make 

nanoparticles from a wide variety of materials or combination of 
materials allows the 

creation of nanoparticles with desired biochemical properties such as 
biocompatibility, including immunogenic compatibility, and/or, 
biodegradability . In comparison, certain biological delivery systems, 
such as viral vectors, can cause significant immunogenic phenomena. 

Nanoparticles of the present invention can be synthesized using a 
template synthesis method. For example, nanoparticles can be 
synthesized using templates prepared from glass (Tonucei, R.J. et al., 



Science 258. 



...and a variety of other materials (Ozin, G.A. , Adv. Mater., 4, 612 
1992)). Alternatively, nanoparticles can be prepared using a 
self-assembly process, as described in Wang, Z.L., "Structural... 

. . .13-30 (1998) . 

In one embodiment, a nanostructure-based assembly of the invention 
contains a nanoparticle , which has one or more surfaces functionalized 
to allow attachment of SCE-detectors to the surface. Such 
"functionalized" nanoparticles have at least one surface modified to 
allow for directed (also referred to as "vectoring. . . 

...or controlled release of the surrogate marker (and payload, when 

available) . hi certain embodiments, the nanoparticle is formed with an 
interior void. Different chemical and/or biochemical functional groups 
can be applied to the inside and/or outside surfaces of the nanoparticle 

to enable the attachment of an SCE-detector , surrogate marker, and/or 
payload on a nanoparticle surface. 

In another embodiment, the nanostructure-based assembly contains a 
nanoparticle formed with an interior void to contain a surrogate 
marker, a payload, and a detachable... 
. . .presence of a 

target SCE, the SCE-detector mechanically detaches the end-cap from the 

nanoparticle to release the surrogate marker for analysis by sensor 
technology. 

Simultaneously, the payload is released for the treatment of a disease. 

In a preferred embodiment, the nanoparticle is in the form of a 
nanotube that is hollow and has a first open. . . 

...the end-cap, the 

surrogate marker and payload are released with the uncapping of the 
nanoparticle . 

The uncapping mechanism may require the use of energy -bearing 
biomolecular motors such as, but... 

...filament elongation model for actin-based motors," Biopllys J, 

82:605-617 (2002)). Once the nanoparticle is uncapped, the released 
surrogate marker can then be detected using sensor technology known in. . . 

...activity and decreased use of dosage amounts. 
Nanotubes 

A number of patents and publications describe nanoparticles in the form 
of tubes (nanotubes). For example, U.S. Patent No. 5,482,601... 

...substrate aluminum surface (Hornyak, G.L., et al., "Fabrication, 
Characterization and Optical Properties of Gold- Nanoparticle 
/Porous -Alumina Composites: The Non-Scattering MaxwellGarnett Limit," J 
Phys. Chenz. B., 10 1: 154 8... 

. . .the other end. 

Suitable end-caps used to block a nanotube opening include, for example, 

nanoparticles having a diameter slightly larger than the inside 
diameter of the 0 nanoparticle so as to occlude the open end of the 



nanoparticle . End-caps are any piece of matter and can be composed of 
materials that are chemically or physically similar (or dissimilar) to 
the nanoparticle . The end-cap can be a particle that has a maximum 
dimension of less than. . . 

. . . 3-Si- (CH2) 3-SH could be attached to a silica nanotube and a gold 

nanoparticle attached as the end-cap using the -SH end of this molecule. 
It is well . . . 

...form spontaneous As-S bonds with gold surfaces. 

Contemplated end-caps for the invention include nanoparticles that can 
be electrophoretically placed within the mouths of nanotubes so that the 
entire mouth of the nanotube is blocked when disulfide bonds are fortned 
between the nanotube and the nanoparticle as described in Miller, S.A. 
and C.R. Martin, "Electroosmotic Flow in Carbon Nanotube... 

...endcaps can be suspended in solution together with the activated 
disulfide labeled nanotubes. Here, the nanoparticle caps can 
spontaneously self -assemble to the nanotubes. The self-assembly of gold 
nanospheres and. . . 

...1202-1205 (1999)), and antigen/antibody interactions (Shenton, W. et 
al., "Directed Self -Assembly of Nanoparticles into Macroscopic 
Materials Using Antibody -Antigen Recognition," 4dv. Mater., 11:449 (1 
999)). 

Preferred nanotubes . . . 

...e., surrogate marker and/or payload material). Methods for attaching an 
end-cap to a nanoparticle include, but are not limited to, using, 
electrostatic attraction, hydrogen bonding, acid and/or basic sites 
located on the endcap/ nanoparticle , covalent bonds, and other chemical 
linkages . 

In a preferred embodiment, the detecting means is attached... 

...affect the release of the surrogate marker and/or payload material via 
uncapping of the nanoparticle . For example, the uncapping mechanism is 
based upon the detection by the detecting means of... 

...ultraviolet (UV) , or visible absorbance or fluorescence, or mass 
spectrometers . 

I 0 Functionalization of the Nanoparticles 

According to the present invention, nanoparticles can be prepared 
having 

different chemically or biochemically f anctionalized surfaces to enable 
attachment of an SCE -detecting means, surrogate marker, and/or payload. 
Methods used to f arictionalize a nanoparticle surface depend on the 
composition of the nanoparticle 5 and are well known in the art. For 
example, f imctionalization of silica nanoparticles is accomplished 
using silane chemistry. With silane chemistry, different functional 
groups can be attached to the surfaces of the nanoparticle by attaching 
a functional group to the nanoparticle surface while the nanoparticles 

are embedded within the pores of the template. Then, a hydrolytically 
unstable silane is reacted with the surface silanol sites on the 
nanoparticle to obtain covalent oxygen/ silicon bonds between the surface 
and the silane. Additional functional groups can also be attached to the 
nanoparticle surface after dissolution of the template. 



The surface of polymer nanoparticles can also be f unctionalized using 
well known chemical methods. For example, methods employed for 
polylactide. . . 

...groups to enable attachment of a detecting means, surrogate marker, 
and/or payload to a nanoparticle surface. 

Alternatively, functional groups can be introduced by copolymerization. 

Natural amino acids are sterically similar... 

...standard methods and used for random copolymerization with lactide. In 
accordance with the present invention, nanoparticles can have 
functional groups on any surface to enablo the attachinent of an 
SCE-detecting. . . 

...addition, the detecting means, surrogate marker, and/or payload can be 5 
incorporated into the nanoparticle framework, which can include 
chitosan, PEGylated PLGA (poly (lactic-cc) -glycolic acid), or other 
PEGylated. . . 

. . .maleimide can be incorporated into chain-c@,nd thiols on the outer 

surface of the nanoparticles . Alternatively, marker, and/or payload can 
be incorporated into nanoparticle frameworks composed of biodegradable 
arid/or resorbable materials including, for example, polylactide based 
polymers as described above. 

For nanoparticles comprising a hollow void in which the surrogate 
marker can be contained, a surrogate marker. . . 

...Flow in Carbon Nanotube Membranes, " J Affz. Chem. Soc, 

123 (49) : 12335-12342 (2001)). Xlternatively , nanoparticles embedded 
within thesynthesis membrane can be filled with a surrogate marker by 
vacuum filtering a... 

...the synthesis membrane. (See Parthasarathy, R. and C.R. Martin, Natilre, 
369:298 (1994)). For nanoparticles prepared by formation within an 
alumina template film prior to removal of the alumina from. . . 

. . .needed. 

In one embodimeat, a detecting means is attached to the outer surface of 
the nanoparticle via any of the aforementioned functional groups . The 
controlled release of the surrogate marker and. . . 

. . .payload are accomplished by the release of the end-cap, which is 
attached to the nanoparticle via chemically labile bonds. 

Yet another embodiment provides a nanoparticle that has the detecting 
means, the surrogate marker, and the payload (when present) applied to 
the outside, exposed surface of the nanoparticle - All of these 
components are attached to the surface of the nanoparticle via 
chemically labile bonds, which allow for the release of these components 
under specific conditions... 

...to proteins. Such aptamerlinked proteins can then be immobilized on a 
f imctionalized surface of a nanoparticle . 

For example, aptamer- linked proteins can be attached covalently to a 

nanoparticle end-cap or tc : ) an exterior nanoparticle surface, 
including attachment of the aptamer- linked protein by f imctionalization 



of the surface. Alternatively, aptanier- linked proteins can be covalently 
attached to a nanoparticle surface via linker molecules. Non-covalent 
linkage provides another method for introducing aptamerlinked proteins to 
a nanoparticle surface. For example, an aptamer-linked protein may be 
attached to an nanopar-ticle surface... 

...by the SCE-detecting means affects the release C) f the surrogate marker 
froia the nanoparticle . Because the surrogate marker is released from 
the nanoparticle only in the presence of an SCE, detection of the 
surrogate marker in a bodily. . . 

...for Detecting Specific Chemical Entities (SCEs) 

A nanostructure-based assembly of the invention comprises a nanoparticle 
, which contains a means for detecting a target SCE, a surrogate marker, 

and, in c . . . 

...peptides, RNA or DNA aptamers, cellular reporters or cellular ligands, 
can be attached to a nanoparticle surface to provide a means for 
vectoring the nanostructure-based assembly to a target SCE. Such 
SCE-detecting means may be covalently attached to the nanoparticle 
surface. In certain related embodiments, SCE1 5 detecting means are 
attached to a nanoparticle surface via linker molecules. SCEdetecting 
means can also be attached to a nanoparticle surface by non-covalent 
linkage, for example, by absorption via hydrophobic binding or Van der. . . 

...between the antibody and that of the target SCE. Antibodies can be 
attached to the nanoparticle using methods known to the skilled 
artisan. 

Alternatively, recombinant bispecific antibody (bsFv) molecules can be... 

...alleviation of a disease. 

By way of example, one embodiment of the present invention uses 

nanoparticle -based assemblies that contain ant i -oxidant genes (MnSOD, 
HO-1, and PONI) as the pay load. . .Use 

In one embodiment, a patient suffering from heroin addiction is 
administered a composition comprising nanoparticle -based assemblies of 
the invention. The nanoparticle -based assemblies are designed to detect 
the drug heroin. In one embodiment, the nanoparticle -based assemblies 
contain a nanoparticle , a surrogate marker, and an SCE-detector . 
Preferably, the SCE-detector is an aptamer that... 

...and the surrogate marker (heroin-s-Lirrogate marker) are attached to a 
surface of the nanoparticle . 

In a preferred embodiment, the heroin-aptamer is attached to an end-cap 
of a hollow nanoparticle that coiatains therein the heroin- surrogate 
marker. The heroinaptamer is designed so that upon interaction with 
heroin, the end-cap is released from the nanoparticle to release th-c 
heroin- surrogate marker. The heroin-surrogate marker is readily 
detectable in bodily fluid samples taken from the patient. 

To test for heroin use, the nanoparticle -based assemblies are 
administered to the patient and then a sample,- of the patient's... 

. . .another embodiment of the invention, a patient suffering from 

atherosclerosis is administered a composition comprising nanoparticle 
-based assemblies to diagnose and treat atherosclerosis. The 



nanoparticle -based assembly comprises a nanoparticle ; a surrogate 
marker; a payload; and an SCE-detector . 

Treatment of atherosclerosis (payload) comprises anti... 
. . .Glycogen Storage Disorder 

Glycogen is readily detectable-, in bodily fluids (i.e., blood) using a 

nanoparticle -based assembly of the inverution. According to the present 
invention, the nanoparticle -based assembly comprises a nanoparticle , 
a surrogate marker, and an SCE-detector that is designed to bind to the 
glycogen. . . 

Claim 

... disease, or discDrder, comprising: 

(a) administering to a patient a composition ccoxnprising at least one 
nanoparticle -based assembly, wherein the nanoparticle -based assembly 

comprises a nanoparticle ; a surrogate marker, and a means for detecting 

a specific chemical entity 
(SCE) ; 

10... 

. . .and biopsy samples. 
I 0 

8 The method according to claim 1, wherein the SCE- detecting means has 
a 

specific action on compounds selected from the group consisting of 
ace t -aldehyde, acetone, ammonia , carbon monoxide, chloroform, 
diethylamine, hydrogen, isoprene, methanethiol , methylethylketone, 
0-toluidine, pentane sulfides and sulfides, H2S... 

...Human Chorionic Gonadotropin (b HCG. 1 1. The method according to claim 
1, wherein the nanoparticle is formed with an interior void that 
contains the surrogate marker, wherein the nanoparticle has at least 
one open end to provide access to the interior void. 

12 The. . . 

. . .void also contains a payload. 

13 The method according to claim I 1, wherein the nanoparticles further 
includes an end-cap to block the open end. 

5 

14 The method according . . . 

...15 The method according to claim 13, wherein the end-cap is attached to 
the nanoparticle by covalent bonds. 

16 The method according to claim 13, wherein the nanoparticle is in the 
form of a tubular body; and wherein the SCE-detecting means is attached 
to the end- cap. 

17 The method according to claim 1, wherein the nanoparticle is 
composed 

of silica. 

18 The method according to claim 1, wherein the nanoparticle is 
composed 

of a polymer. 



19 The method according to claim 18, wherein the SCE-detecting means is 
attached to a surface of the nanoparticle using copolymerization. 

2 0 The method according to claim 18, wherein the polymer nanoparticle 
is 

composed of polymers selected from the group consisting of polystyrene, 
polyorganosiloxane, poly (methyl methacrylate. . . 

...occurring biopolymers . 

1 0 

2 1. The method according to claim IS, wherein the polymer nanoparticle 

is 

composed of biodegradable polymers selected from the group consisting of 
poly (caprolactone) , poly (glycolic . . . 

. . .polyhydroxycellulose, chitin, chitosan, and copolymers. 

22 The method according to claim 18, wherein the polymer nanoparticle 
is 

composed of biocompatible polymers selected from the group consisting of 
poly (lactide-co-glycolide . . . 

...The method according to claim 1, wherein the SCE-detecting means is 
incorporated into the nanoparticle . 

24 The method according to claim 1, wherein the nanoparticle is 
produced in a shape selected from a group consisting of spherical; 
elliptical; cubic; cylindrical. . . 

...irregular-prismatic; icosahedral; and cubo-octahedral . 

25 The method according to claim 1, wherein the nanoparticle has a 
dimension less than 500 mu. 

2 6 The method according to claim 1, wherein the surface of the 
nanoparticle is stealthy. 

27 A method for diagnosis and treatment of a condition, disease, or 
disorder, 

comprising : 

(a) administering to a patient a composition comprising at least one 
nanoparticle -based assembly, wherein the nanoparticle -based assembly 

comprises a nanoparticle ; a surrogate marker, a means for detecting a 

specific chemical entity 
(SCE) , and a payload. . . 

...the presence of the surrogate marker. 

28 The method according to claim 27, wherein the nanoparticle is a 
nanotube . 

29 The method according to claim 27, wherein SCE-detecting means is... 

...and biopsy samples. 1 5 34 . The method according to claim 27, wherein 
the SCE- detecting means has a specific action on compounds selected 
from the group consisting of acetaldehyde, acetone, ammonia , carbon 
monoxide, chloroform, diethylamine, hydrogen, isoprene, methanethiol , 
methylethylketone, 0-toluidine, pentane sulfides and sulfides, H2S . . . 

...Beta Human Chorionic Gonadotropin (b HCG. 

37 The method according to claim 27, wherein the nanoparticle is formed 



with an interior void that contains the surrogate marker, wherein the 
nanoparticle has at least one open end to provide access to the interior 
void. 

38 The. . . 

...also contains 15a payload. 

3 9 The method according to claim 37, wherein the nanoparticles further 
includes an end-cap to block the open end. 

40 The method according to... 

...41 The method according to claim 39, wherein the end-cap is attached to 
the nanoparticle by covalent bonds . 

42 The method according to claim 39, wherein the nanoparticle is in the 
form of a tubular body; and wherein the SCE-detecting means is attached 
to the end- cap. 

43 The method according to claim 27, wherein the nanoparticle is 
composed of silica. 

44 The method according to claim 27, wherein the nanoparticle is 
composed of a polymer. 

45 The method according to claim 44, wherein the SCE-detecting means is 
attached to a surface of the nanoparticle using copolymerization. 

46 The method according to claim 44, wherein the polymer nanoparticle 
is 

composed of polymers selected from the group consisting of polystyrene, 
polyorgaliosiloxane, poly(methyl methacrylate . . . 

...naturally 1 5 occurring biopolymers. 

47 The method according to claim 44, wherein the polymer nanoparticle 

is 

composed of biodegradable polymers selected from the group consisting of 
poly (caprolactone) , poly (glycolic . . . 

. . .polyhydroxycellulose, chitin, chitosan, and copolymers. 

48 The method according to claim 44, wherein the polymer nanoparticle 
is 

composed of biocompatible polymers selected from the group consisting of 
poly (lactide-co-glycolide. . . 

...The method according to claim 27, wherein the SCE-detecting means is 
incorporated into the nanoparticle . 

50 The method according to claim 27, wherein the nanoparticle is 
produced in a shape selected from a group consisting of spherical; 
elliptical; cubic; cylindrical... 

...irregular-prismatic; icosahedral; and cubo-octahedral . 

51 The method according to claim 27, wherein the nanoparticle has a 
dimension less than 500 mn. 

52 The method according to claim 27, wherein the surface of the 



nanoparticle is stealthy. 



53 The method according to claim 27, wherein the payload is selected from 
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Detailed Description 

Claims 
English Abstract 

This invention relates to magnetic nanoparticle conjugates and related 
compositions and methods of use. 

French Abstract 

L' invention concerne des conjugues nanoparticulaires magnetiques et des 
compositions relatives et des procedes d' utilisation de ceux-ci. 



Detailed Description 



Self -Assembling Nanoparticle Conjugates 
CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of United States Provisional... 
...which is incorporated by reference in its entirety. 
TECHNICAL FIELD 

This invention relates to magnetic nanoparticle conjugates and related 
compositions and methods of use. 

STATEMENT REGARDING FEDERALLY SPONSORED 

RESEARCH 

The work. . . 

...their effects on water relaxation rate are 
I 

unspecified and not relevant to their application. Nanoparticles do not 
respond 

to the weak, magnetic fields of hand held magnets. Thus, biocompatible 

nanoparticles with unique optical and/or magnetic properties could have 
in vitro and in vivo diagnostic applications. The ability to image 
specific enzyme activities using such nanoparticles would have 
applications for detecting a variety of diseases and evaluating targeted 
therapies in individual patients . 

SUMMARY 

This invention relates to magnetic nanoparticle conjugates and related 
compositions and methods of use. 

In one aspect this invention relates to compositions having at least two 
1 5 nanoparticle conjugates, each nanoparticle conjugate having a 
magnetic nanoparticle ; and at least one substrate moiety, in which each 
substrate moiety is 

linked to the nanoparticle and is chemically modified when the 
conjugate 

interacts with a target enzyme. When the target enzyTne is absent, the 
nanoparticle conjugates are essentially monodisperse in liquids; and 
when the target enzyme is present, the nanoparticle conjugates 
self -assemble into one or more nanoparticle conjugate clusters through 
the formation of intermolecular linkages between the chemically modified 
substrate moieties. 

Embodiments . . . 

...which n is 0- I 00, e.g., n can be 6) that link the nanoparticle to 
one or more substrate moieties. 

The magnetic nanoparticles each can include a magnetic metal oxide 
(e.g., a superparamagnetic metal oxide). The metal oxide can be iron 
oxide. In some embodiments, the nanoparticles can be atnino-derivatized 
cross -linked iron oxide nanoparticles . 

The substrate moieties can include a phenolic moiety, and can be 
chemically modified by oxidation... 

. . .protease or a peroxidase (e.g. , a 

myeloperoxidase or horseradish peroxidase) . 

Each of the nionodisperse nanoparticle conjugates can have an average 
particle size of between . about 40 nin and about 60 mn. In some 
embodiments, 
2 



each of the monodisperse nanoparticle conjugates can have an average 
particle size of about 50 nin. 

Each of the nanoparticle conjugate clusters can have an average 
particle 

size of between about 4 00 run and about 500 nru. In some embodiments, 
each of the nanoparticle conjugate clusters can have an average 
particle size of about lo 450 rim. 

Each of the nionodisperse nanoparticle conjugates can have an RI 
relaxivity between about 5 and 30 mM-1 sec-1... 

. . .of intermolecular linkages between the chemically 

modified substrate moieties can result in crosslinking of the 
nanoparticle Conjugates . 

The composition can further include a fluid media. 
Self-assembly of the nanoparticle conjugates can result in the 
spin-spin 

relaxation time of the fluid being decreased relative to the spin-spin 
relaxation time of the fluid having essentially only monodisperse 
nanoparticle conjugates present. The decrease in spin-spin relaxation 
time can be dependent upon the concentration of the target enzyme. 

The nanoparticle conjugate can have a forrmila X-(L)x-A, in which X is 
a 

magnetic nanoparticle ; L is -NH-, -NHQO) (CH2) ,C(0) -, -C(0)0-, or -SS-, 
in 

which n. . . 

. . .N 
H 

In some embodiments, the composition can include a population of at 
least two nanoparticle conjugates, in which at least one nanoparticle 
conjugate has a magnetic nanoparticle and/or substrate moiety that is 
different from the magnetic nanoparticle and/or substrate moiety of one 
or more members in the population. For example, a population can include 
one or more first nanoparticle Conjugates, each including a first 
magnetic nanoparticle and a first substrate 

moiety, and one or more second nanoparticle conjugates, each including 
a 

second magnetic nanoparticle and a second substrate moiety, whereby two 
types 

of nanoparticle conjugates are present. The first and second magnetic 

nanoparticles can be different and/or the first and second substrate 
moieties can 2o be different... 

...sample, the method includes (i) providing a composition including at 
least two of the new nanoparticle conjugatesdescribed herein; (ii) 
contacting the composition with a fluid sample; (iii) allowing time (a) 
for the target enzyme to contact the nanoparticle conjugates and (b) 
for the 
4 

nanoparticle conjugates to self -assemble into clusters through the 
formation of intermolecular linkages between the chemically. . . 

. . .by (i) administering to the subject a composition including at least two 
of the new nanoparticle 1 5 conjugates described herein; (ii) allowing 
time (a) for the target enzyme to contact the nanoparticle conjugates 
and (b) for the nanoparticle conjugates to self -assemble into clusters 



through the formation of intermolecular linkages between the chemically 



...need of such detection. 

In one aspect, this invention relates to the new self -assembling, 

nanoparticle conjugates having a magnetic nanoparticle ; and at least 
one 

substrate moiety, in which each substrate moiety is linked to the 
nanoparticle and is chemically modified when the conjugate interacts 
with a target enzyme. 

When two or more nanoparticle conjugates are present and when the 
target 

enzyme is absent, the nanoparticle conjugates are essentially 
monodisperse in a liquid; and when two or more nanoparticle conjugates 
are present and when the target enzyme is present, the nanoparticle 
conjugates self -assemble into one or more nanoparticle conjugate 
clusters through the formation of intermolecular linkages between the 
chemically modified substrate moieties. 

In. . . 

...have a formula X-(L)x-A, in 

which in which X is a magnetic nanoparticle ; L is -NH-, -NHC(O)-, 
NHC(O) (CH2)nC(0) -, -C(0)0-, or -SS... 

...relates to a packaged product including a composition having at least 
two of the new nanoparticle conjugates described herein. 

Embodiments may include one or more of the following advantages. 

In all embodiments, the nanoparticle conjugates are essentially 
monodispersed in the absence of a target enzyme, which can reduce the... 

. . .profiles that can sometimes be associated with multi-particle 
preparations . 

6 

In some embodiments, the nanoparticle conjugates contain phenolic 
moieties as substrate moieties, in which relatively straightforward 
substitutions of the aromatic... 

. . .of target enzyme specific 

conjugates can be readily designed and prepared from the same basic 
nanoparticle scaffold . 

In some embodiments, a single enzyme can result in the self-assembly of 
a plurality of nanoparticle conjugates, thereby achieving biological 
amplification at relatively low nanoparticle conjugate concentrations. 

In some embodiments, preferential changes in R2 relaxivity can allow RI 
relaxivity/R2 . . . 

...is a graphical representation of the particle size distribution by light 
scattering of the dopamine nanoparticle conjugates before incubation 
with horse radish peroxidase (HRP) . 

FIG. I B is a graphical representation of the particle size distribution 
by light scattering of the dopainine nanoparticle conjugates after 
incubation with HRP. 



7 

FIG. 2 is a graphical representation of the effects of increasing HRP 
concentration on the M of a solution containing dopamine nanoparticle 
conjugates with (solid squares) and without (solid triangles) hydrogen 
peroxide . 

FIG. 3 is a graphical... 
. . .increasing the 

amount of sodium azide (inhibitor) on the M of a solution containing 
dopamine nanoparticle conjugates with hydrogen peroxide. 

FIG. 4A is a graphical representation of 6T2 values of the serotonin 

nanoparticle conjugates in the presence of increasing amounts of 
myeloperoxidase detected using a 1.5T clinical... 

...magnetic resonance image (1.5T MRI) of myeloperoxidase 
activity 

(0 units/ [tL MPO) using dopamine- nanoparticle conjugates. There was 
essentially no difference in signal intensity observed between this image 
and the . . . 

...resonance image (1.5T MRI) of myeloperoxidase 
activity 

(0.0061 units/@LL MPO) using dopamine- nanoparticle conjugates. There 
was essentially no difference in signal intensity observed between this 
image and the . . . 
...resonance image (1.5T MRI) of myeloperoxidase 
activity 

(0.025 units/@tL MPO) using dopamine- nanoparticle conjugates. There 
was 

essentially no difference in signal intensity observed between this image 
and the . . . 

...magnetic resonance image (1.5T MRI) of myeloperoxidase 
activity 

(O units/@tL MPO) using serotonin- nanoparticle conjugates. There was 
essentially no difference in signal intensity observed between this image 
and the . . . 

...resonance image (1.5T MRI) of myeloperoxidase 
activity 

(0.0061 units/@tL MPO) using serotonin- nanoparticle conjugates. 

FIG. 5F is a magnetic resonance image (1.5T MRI) of myeloperoxidase 

activity 

9 

(0.025 units/@tl, MPO) using serotonin- nanoparticle conjugates. 

FIG. 5G is a T2 (nisec) magnetic resonance image signal intensity level 

scale corresponding... 

...in the various drawings indicate like elements. 

DETAILED DESCRIPTION 
General 

This invention relates to magnetic nanoparticle conjugates and related 
compositions and methods of use. The nanoparticle conjugates generally 
include a magnetic nanoparticle (circled "NP" in Scheme I below) , that 
is linked to at least one substrate moiety (circled "S" in Scheme 1 
below) . The nanoparticle conjugates may optionally contain functional 



groups that link one or more substrate moieties to the nanoparticle . 
The substrate moiety can be any chemical 

group that can participate in an enzyme (e.g., a target enzyme) -mediated 
chemical reaction. As such, one or more nanoparticle -bound substrate 
moieties 

can be chemically modified (shaded circled "S" in Scheme I below) upon... 

...peroxidase, a protease). When the target enzyme interacts with a 

population of two or more nanoparticle conjugates, the conjugates can 
self -assemble into nanoparticle conjugate clusters through the 
formation of intermolecular (i.e., interconjugate) linkages between the 
chemically modified substrate moieties. In the absence of a target 
enzyme, the nanoparticle conjugates are essentially monodispersed 
(e.g., in solution or in a nonhomogenous fluid media) . 

Scheme I 
enzyme 

lo 
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In general, the clusters formed from the nanoparticle conjugates 
described herein have one or more measurable properties (e.g., magnetic 
properties) , that are. . . 

. . . increased or decreased) relative to the same 
one or more measurable properties of the monodispersed nanoparticle 
conjugates. For example, the solvent (e.g., water) spin-spin relaxation 
times J2) for solution phase nanoparticle conjugate clusters are 
relatively low in magnitude and dif f erentiable, (e.g., by nuclear 
magnetic resonance... 

...from the relatively high solvent spin-spin 

relaxation times for the corresponding monodispersed, solution phase 

nanoparticle conjugates. Accordingly, it is believed that solvent 
spin-spin relaxation times can be a useful parameter for determining the 
presence or 

absence of a target enzyme in biological samples containing nanoparticle 

conjugates with target enzyme -specific substrate moities. While not 
wishing to be bound by theory. . . 

...T2 would be observed in samples containing the target enzyme because 
interaction of the monodispersed nanoparticle conjugates (high T2) with 
the target enzyme results in the fon-nation of one or... 

. . . respectively. 

The term "interacts" refers to any contact, reaction, or binding that 
occurs between a nanoparticle conjugate and a target enxyme. 

It is understood that the actual electronic structure of some... 

...predominant resonance forms for a particular species. 

14 

Structure of Nanoparticle Conjugates 

In all embodiments the nanoparticle component of the conjugate is a 
magnetic nanoparticle , (e.g., magnetic metal oxide, such as 
superparamagnef ic iron oxide). The magnetic metal oxide can... 

. . .magnetic susceptibility such as 



superparamagnetic compounds and magnetite, gamma ferric oxide, or 
metallic iron. Preferred nanoparticles include those having a 
relatively high relaxivity, i.e., strong effect on water relaxation. 

In all embodiments, at least one substrate moiety is covalently linked to 
the nanoparticle . In some embodiments, the substrate moiety is linked 
to the nanoparticle via a functional group. The functional group can be 
chosen or designed primarily on factors... 

. . .alkylene linker portion, (CH2)n, may also be used to attach substrate 
moieties to the nanoparticle . In some embodiments, 

the functional group is -NHQO) (CH2) 6Q0) - . The functional group may be 
present on a starting material or synthetic intermediate that is 
associated with either the nanoparticle or the substrate moiety. 

The number of substrate moieties linked to a nanoparticle may be 
selected as desired. In some embodiments, a nanoparticle starting 
material can contain one or more functional groups for attachment of 
substrate moieties, (e... 

. . .or 50 functional groups) . The number of substrate moieties that are 
ultimately linked to the nanoparticle can either be equal to or less 
than the number of functional groups that are available for attachment to 
the nanoparticle . In some embodiments, the number of substrate 
15 

moieties linked can correspond to a number. . . 

. . .deten-ninative of the number of substrate moieties that are ultimately 
loaded on to the nanoparticle . In any event, it is permissible for 1 0 
the number of substrate moieties per nanoparticle conjugate to vary 
within a given population of two or more nanoparticle conjugates. 

The substrate moiety can generally be any chemical group that (1) can 
function as...al. JBiol Chem 1998, 273, 32030-32037). 

17 

Scheme 2 
OH OH OH OH 

Accordingly, nanoparticle conjugates having phenolic substrate moities 
lo (Structure I in Scheme 3 below) can be useful... 

...magnetic resonance signal. 

18 

Scheme 3 
HO' Om 
HO,@o ON H 

One subset of nanoparticle conjugates has a fonnula X-(L)x-A, in which. 
X is a magnetic nanoparticle ; 

L is a functional group that may include -NH-, -NHC(O)-, 
N-HC(O) (CH2. 

. . .or 1. 

A useful subset includes those conjugates in which X is an iron oxide 

nanoparticle , x is 1, L is -NHC (0) (CH2 ) 6C (O) - , and A is aralkylamino 
substituted. . . 



.NNNH 



H H 1-40 
D 

In general, the overall size of the nanoparticle conjugates is about 15 
to 200 mn, e.g., about 20 to 100 imi, about... 

...of the particle, e.g., greater than 15, 20, 25 or 30 percent. 

Synthesis of Nanoparticle Conjugates 

In some embodiments, nanoparticles having functional groups, (e.g., 
electrophilic functional groups such as carboxy groups or nucleophilic 
groups 
20 

such as amino groups) can be employed as starting materials for the 
nanoparticle con j ugates . 

Carboxy f unctionalized nanoparticles can be made, for example, 
according to the method of Gonnan (see WO 00/61191... 

...salts are mixed together and are then neutralized with ammonium 

hydroxide. The resulting carboxy f unctionalized nanoparticles can be 
used for coupling amino f unctionalized groups, (e.g., a further segment 
of the functional group or the substrate moiety) . 
Carboxy- f unctionalized nanoparticles can also be made from 
polysaccharide coated nanoparticles by reaction with bromo or 
chloroacetic acid in strong base to attach carboxyl groups. In addition, 
carboxy- f unctionalized particles can be made from arrano-f unctionalized 
nanoparticles by converting amino to carboxy groups by the use of 
reagents such as succinic anhydride or maleic anhydride. 

Nanoparticle size can be controlled by adjusting reaction conditions, 
for example, by using low temperature during. . . 

. . .centrifugation, 

ultrafiltration, or gel filtration, as described, for example in U.S. 
Patent No. 

594925814. 

Nanoparticles can also be synthesized according to the method of 
Molday (Molday, R.S. and D. . . 

. . .52 (3) :353-67, and treated with periodate to form aldehyde 

groups. The aldehyde -containing nanoparticles can then be reacted with 
a 

diamine (e.g., ethylene diamine or hexanediamine) , which will form a 
Schiff 

base, followed by reduction with sodium borohydride or sodium 
eyanoborohydride . 

Dextran- coated nanoparticles can be made and cross -linked with 
epichlorohydrin. The addition of ammonia will react with epoxy groups 
to 

generate amine groups, see Flogernann, D., et al . , Improvement 
ofMRIprobes to allow efficient detection of gene expression Bioconjug. 
Chem. 2000. 11(6):9416, and Josephson et al . , "High-efficiency 
intracellular. . . 

...when functionalized with amine is referred to as amine-CLIO or NH2-CLI0. 



Carboxy-functionalized nanoparticles can be converted to 



aminof tinctionalized magnetic particles by the use of water-soluble 
carbodiimides and... 

...corresponding to C and D were prepared 

using amino f unctionalized dextran-caged superparamagnetic iron oxide 

nanoparticles were used as the starting material. Dopamine or serotonin 
was conjugated to the aminated magnetic nanoparticles using suberic 
acid bis (Nhydroxysuccinimide ester) (DSS, Pierce Co). On average, each 
nanoparticle starting material had about 4 0 reactive amino groups, which 
were used for conjugation. Serotonin attachment was verified through its 
fluorescent emission 

at 345 nm. These nanoparticle conjugates were monodispersed in 
solution, 

having a narrow particle size distribution as determined by light... 

...an average particles size of about 50 nm. Particle size distribution for 
the dopamine -containing nanoparticle conjugates is shown in FIG. IA. 
The water protons' spin-lattice relaxation (RI) of the nanoparticle 
conjugates was 25.8 s'mM-1 while the spin-spin relaxation (R2) was 67... 

...in, for example, 

Shen, T. , et al . Magn. Reson. Med. 29, 599 
Uses of the Nanoparticle Conjugates 

Solvent, (e.g., water), spin-spin relaxation times <T2) can be determined 
by relaxation. . . 

...D., et al. Bioconjug Chem 2002, 13, 116-12 1. 

In some embodiments, the magnetic nanoparticle conjugates self assemble 
in solution by the action of a specific peroxidase, with the enzymel 0 
mediated magnetic nanoparticle self-assembly acting as a mapetic 
resonance signal amplification system, which is sensitive to the... 

. . .dopamine and serotonin were 

selected and used as substrate 'moieties in two separates sets of 
nanoparticle conjugates (e.g., C and D) for detection of HRP and MPO, 
respectively. These phenolic... 

...a suitable nucleic acid vector introduced into the tissue. 

To test whether incubation of the nanoparticle conjugates with the 
corresponding peroxidase would result in cluster formation, the 
dopaminenanoparticle conjugates (10 @tg. . . 

...continue growing in size and did not precipitate. Similar results 
23 

were observed when serotonin- nanoparticles were incubated with 
myeloperoxidase . 

Next, we investigated whether the peroxidase-mediated clustering would 
result in. . . 

...time changes (M) of the solution. For these 

experiments, a solution of the HRP targeting nanoparticle conjugate (10 
@Lg 1 o Fe/mL, 0. 1M phosphate pH 6.0) was incubated... 

. . .nonoparticle conjugates can be used as nanosensors for peroxidase 
activity detection. 

The ability of the nanoparticle conjugates to image myeloperoxidase 
(MPO) activity was tested using a 1.5T clinical MR I imaging... 



...J. W.; Libby, P. Am J Pathol 2001, 158, 879-89 1). 

A serotonin- containing nanoparticle conjugate (prepared as described 
herein) was selected for the MPO imaging experiments because serotonin 
has . . . 

...386; Dunford, H. B.; Hsuanyu, Y. Biochem Cell Biol 1999, 77, 

449-457) . The serotonin- nanoparticles (3@tg Fe/mL, OAM phosphate pH 
6.0) 

were incubated with various amounts of... 
...FIGS. 417-41 and 4J) . Likewise, as shown in FIGS. 5A-5G, the 

dopamine -containing nanoparticle conjugates did not show any 6T2 in 
the presence of MPO (i.e., essentially no difference in signal intensity 
observed when dopamine- nanoparticle conjugates are incubated with 
myeloperoxidase) . The findings demonstrate that the selectivity of the 
particle -bound. . . 

...of chemical bonds via 3o different reaction mechanisms. 

In magnetic resonance (MR) imaging applications, the nanoparticle 
conjugates can be used in methods for the detection and a spatial 
localization of target... 

...target enzymes in vivo. 

25 

The new conjugates are essentially nontoxic to mammalian cells. The 

nanoparticle conjugates can be administered to a subject, e.g., a human 
or animal, such as... 

...inhalation spray, topically, rectally, nasally, buccally, vaginally or 
via an implanted reservoir) . Compositions 

containing the nanoparticle conjugates of this invention may contain 
any 

conventional non-toxic pharmaceutically-acceptable carriers, adjuvants or 



...selectivity for one or more target enzymes. For example, libraries 
of phenolic substrates attached to nanoparticles can be screened by 
high 

throughput NMR methods described herein (e.g., for numerous peroxidases 
Claim 

I . A composition comprising at least two nanoparticle conjugates, 
each nanoparticle conjugate comprising: 
a magnetic nanoparticle ; and 

at least one substrate moiety, in which each substrate moiety is linked 
to the nanoparticle and is chemically modified when the conjugate 
interacts with a 
target enzyme; wherein, 

when the target enzyme is absent, the nanoparticle conjugates are 
essentially monodisperse in a liquid; and 

when the target enzyme is present, the nanoparticle conjugates 
self assemble into one or more nanoparticle conjugate clusters through 
the formation of intermolecular linkages between the chemically modified 
substrate moieties. 



2 . 



..composition of claim 1, wherein the the conjugates further 
comprise functional groups that link the nanoparticle to one or more 
substrate moieties. 

3 The composition of claim 2, wherein the functional... 

. . sulf hydryl groups , 
wherein n is 0 

4 The composition of claim 1, wherein the magnetic nanoparticles 
each comprise a magnetic metal oxide. 

5 The composition of claim 4, wherein the magnetic... 

. .wherein the metal oxide is iron 
oxide . 

7 The composition of claim 4, wherein the nanoparticles are an 
amino -derivati zed cross -linked iron oxide nanoparticles . 

27 

8 The composition of claim 1, wherein the substrate moieties 
comprise a phenolic moiety. . . 

. .peroxidase is 
horseradish peroxidase. 

15 The composition of claim 1, wherein each of the monodisperse 
nanoparticle conjugates has an average particle size of between about 

4 0 nm and about 60 tim. 

16 The composition of claim 1, wherein each of the monodisperse 
nanoparticle conjugates has an average particle size of about 50 nin. 

17 The composition of claim 1, wherein each of the nanoparticle 
conjugate clusters has an average particle size of between about 400 mu 
and about 500 mu. 

18 The composition of claim 1, wherein each of the nanoparticle 
conjugate clusters has an average particle size of about 450 run. 
28 

19 The composition of claim 14, wherein each of the monodisperse 
nanoparticle conjugates has an RI relaxivity between about 5 and 3 0 

mM-1 sec-, 
II... 

. .nation of 

intermolecular linkages between the chemically modified substrate 
moieties results in crosslinking of the nanoparticle conjugates. 

24 The composition of claim 1, wherein the composition further 
comprises a fluid media. 

25 The composition of claim 24, wherein self-assembly of the 
nanoparticle conjugates results in the spin- spin relaxation time of the 

fluid being decreased relative to the spin- spin relaxation time of the 
fluid having essentially only monodisperse nanoparticle conjugates 
present . 



26 The composition of claim 24, wherein the decrease in spin-spin 



relaxation. 



...upon the concentration of the target enzyme. 

27 The composition of claim 1, wherein the nanoparticle conjugate 

has a fori-nula 

X- (L)x-A, wherein: 

X is a magnetic nanoparticle ; 

29 

L is -NH-, -NHC(O) (CH2)nC(0) -, -0(0)0-, or -SS-, wherein... 
. . . enzyme 

in a sample, the method comprising: 

(i) providing a composition comprising at least two nanoparticle 
conjugates, each nanoparticle conjugate comprising a magnetic 
nanoparticle ; and at least one substrate moiety, in which each substrate 
moiety is linked to the nanoparticle and is chemically modified when 
the conjugate interacts with a target enzyme; wherein, when the target 
enzyme is absent, the nanoparticle conjugates are essentially 
monodisperse; and when the target enzyme is present, 
the nanoparticle conjugates self -assemble into one or more 
nanoparticle 

conjugate clusters through the formation of intermolecular linkages 
between the 

chemically modified substrate moieties; 
(ii... 

. . .with a fluid sample; 

(iii) allowing time (a) for the target enzyme to contact the 
nanoparticle conjugates and (b) for the nanoparticle conjugates to 

self -assemble into clusters through the formation of intermolecular 

linkages between the 

chemically. . . 
...subject, the method comprising: 

(i) administering to the subject a composition comprising at least 

two nanoparticle conjugates, each nanoparticle conjugate comprising a 
magnetic nanoparticle ; and at least one substrate moiety, in which each 
substrate moiety is 

linked to the nanoparticle and is chemically modified when the 
conjugate 

interacts with a target enzyme; wherein, when the target enzyme is 

absent, the nanoparticle conjugates are essentially monodisperse; and 

when the target enzyme is present, the nanoparticle conjugates 

self -assemble into one or more nanoparticle conjugate clusters through 

the formation of intermolecular linkages 

between the chemically modified substrate moieties; 

(ii) allowing time (a) for the target enzyme to contact the 
nanoparticle conjugates and (b) for the nanoparticle conjugates to 

self -assemble into clusters through the formation of intermolecular 
linkages between the 
chemically. . . 

...identifying the subject as being in need of such detection. 
32 

42 A self -assembling, nanoparticle conjugate comprising: 
a magnetic nanoparticle ; and 

at least one substrate moiety, in which each substrate moiety is linked 
to the nanoparticle and is chemically modified when the conjugate 
interacts with a 
target enzyme; wherein, 

when two or more nanoparticle conjugates are present and when the 



target enzyme is absent, the nanoparticle conjugates are essentially 
monodisperse in a liquid; and 

when two or more nanoparticle conjugates are present and when the 
1 5 target enzyme is present, the nanoparticle conjugates self -assemble 
into one or more nanoparticle conjugate clusters through the formation 
of intermolecular linkages between the chemically modified substrate 
moieties . 

43 The nanoparticle conjugate of claim 42, wherein the conjugate 
has a fon-nula X-(L)x-A, 
wherein : 

X is a magnetic nanoparticle ; 

L is -NH-, -NHC(O) (CH2) ,C(0) -, -C(0)0-, or -SS-, wherein n... 

. . CH2CH2NWL® 
N 
H 
34 

52 A packaged product comprising: 

a composition comprising at least two nanoparticle conjugates, each 

nanoparticle conjugate comprising: 
a magnetic nanoparticle ; and 

at least one substrate moiety, in which each substrate moiety is linked 
to lo the nanoparticle and is chemically modified when the conjugate 
interacts with a 
target enzyme; wherein, 

when the target enzyme is absent, the nanoparticle conjugates are 
essentially monodisperse in a liquid; and 

when the target enzyme is present, the nanoparticle conjugates 
selfassemble into one or more nanoparticle conjugate clusters through 
the formation of intermolecular linkages between the chemically modified 
substrate moieties. 
35 
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Detailed Description 

... weak and strong absorbing regions. 

FIG. 9 is a graph depicting the response of three sensor regions as 
recorded using an optical drive. Different sensor regions were exposed 
to saturated ammonia vapor for different amounts of time (t I < t2 < 
0) . 

FIG. 10 is a graph illustrating changes in an optical signal of a sensor 

spot for detection of NH4+ 
DETAILED DESCRIPTION OF THE INVENTION 

The present disclosure is directed ... chemical and biological species. 
Analyte- specific reagents include organic and inorganic dyes and 
pigments, nanocrystals , nanoparticles , quantum dots, organic 
f luorophores, inorganic fluorophores and similar materials. 

Examples of organic compounds which can... 
. . .645 -700 
DDI -710 -745 
IR125 -795 -840 
DTTCI @760 -815 
HDITCI -780 -825 

CdSe nanoparticles , crystal diameter = 2.8 nin -520 -535 
CdSe nanoparticles , crystal diameter = 3.4 nm ©545 -560 
CdSe naiipparticles, crystal diameter = 4.0 nm -575 -585 
CdSe nanoparticles , crystal diameter = 4.7 nm -595 -610 
CdSe nanoparticles , crystal diameter = 5.6 nn-i -625 -640 
In other embodiments, non-f luorescing analyte-specif ic . . . 

. . .bireff ingence changes when temperature increases. 



As noted above, the arialyte-specif ic reagents also include nanocrystals, 

nanoparticles and quantum dots and are known to those skilled in 
the-art. Suitable nanocrystals include, but are not limited to, those 



made Of M0S2 , ZnO, Si, CdTe, and Ge. Suitable nanoparticles include, 
but are not limited to, those made of Cu, Si02, and LaB6. 

Quantum dots . . . 

. . .where a pH sensitive reagent such as bromothymol blue or bromocresol 
green is used, the sensor spot can be exposed to vapor or liquids which 
may include ammonia and the sensor read to confirm the presence of 
and the amounts of such an alkaline vapor. Such. exposure times from 0 
to about 2 0 seconds . Figure 9 shows the response of three sensor 
regions as recorded using an optical drive (LG Electronics, Inc., Model 
GCC4480B) where different sensor regions were exposed to saturated 
ammonia vapor for different amounts of time (t, < t2 < t3) 
EXAMPLE 4 

For detection of ionic species in water such as NH4 1 - , thin film 
regions containing 
different pH dyes... 

Claim 

analyte- specif ic reagent is selected 
from the group consisting of organic dyes, inorganic dyes, nanocrystals, 

nanoparticles , quantum dots, organic f luorophores , inorganic 
f luor ophor e s , IR 
40 

absorbing dyes, near infrared absorbing materials, UV. . . 
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... the sensor device of Figure 1, highlighting 
N 

the addition of a thin film or nanoparticle layer to one or more cells 

of the sensor 

device; 

Figure 3 is a cross... 

. . .keeping 
6 

particulates and/or contaminants away from the one or more thin film or 

nanoparticle 

layers of Figure 2 ; 

Figure 4 is a cross-sectional side view of one embodiment... 

...fit different geometrical requirements for specific applications. 

Referring to Figure 2, a thin film or nanoparticle layer 22 is added to 
one or more cells 18 of the sensor device 10... 

...12 opposite the corresponding thin film heater/ thermometer 20. 
Preferably, the thin 
10 

film or nanoparticle layer 22. has a thickness of between about I mn 
and about 5 microns, although other suitable dimensions may be used. The 
thin film or nanoparticle layer 22 consists of a zeolite thin film, a 
suitable cross-linked organic polyelectrolyte, a... 

...generate heat upon the physisorption of gasses and/or vapors. 

Preferably, the thin film or nanoparticle layer 22 is nano- structured 
(consisting of spheres, rods, hollow fibers, etc.) such that heat... 

. . . therinorneters 20, and not into the surrounding environment. In general, 
because the thin film or nanoparticle layer 22 consists of a plurality 
of nanopores, molecules are allowed to travel in and... 

...undesirably increase the response time-of the sensor device I 0. The 
thin film or nanoparticle layer 22 acts as an interface between a 
substance to be detected, present in one... 

...of a given amount of this substance onto the surface of the thin film or 
nanoparticle layer 22, a corresponding amount of heat is released. This 
heat exchange is measured by. . . 

...0. The adsorbate is driven out of the porous structure of the thin film 
or nanoparticle layer 22 naturally as its partial pressure in the 
envirom-nent drops. It is possible to accelerate desorption of the 
adsorbate from the porous structure of the thin film or nanoparticle 
layer 2®. by pulse heating the thin film or nanoparticle layer 22 



without damaging its structure. 



Preferably, the microstructure of the thin film or nanoparticle layer 
22 and its pore dimensions are customized to ensure the high selectivity 
of the ... 

...sensing thin film 

heater/therinometer 20 due to heat exchange with the thin film or 
nanoparticle layer 22 . 

Referring to Figure 3, in an alternative embodiment of the invention, the 
sensor. . . 

. . .protection mechanism designed to prevent the "locking" of the pores of 
the thin film or nanoparticle layer 22. In general, the sensor device 
10 described above is disposed directly adjacent to... 

. . .grid 32 operable for keeping particulates and/or contaminants away from 
the thin film or nanoparticle layer 22. The grid 32 may be fabricated 
using standard silicon processing and lithography techniques... 

...1-3) of the invention require short beat transfer paths between the thin 
film or nanoparticle layer (s) 22 (Figures 2 and 3) and the thin film 
heater/thennometer (s) 20. . . 

. . .may be used to keep particulates and/or contaminants away from the thin 
film or nanoparticle layer 22. Preferably, the volume 42 of the 
recessed cavity 40 surrounding the sensor device... 

...that will subsequently be deposited (about 0.5 microns). The image is 
reversed using an ammonia diffusion bake, flood exposure, and 
development of the pbotoresist (PR) . 

Referring to Figure 8, the fourth step in the fabrication of the sensor 
device 1 0 includes evaporating a metal layer 58 onto the surface of the 
photoresist . . . 

. . .18 
14 

(Figures I and 2) described above. At this point, the thin film or 
nanoparticle layer 22 (Figure 2) may be deposited or grown directly on 
the surface of the . . . 
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Detailed Description 

... reducing or removing) gases and/or odorous compounds. The high surface 
area materials, such as nanoparticles , may be utilized in their 
unmodified state or modified by being associated with metal components... 

...product within an enclosure formed by the packaging material; and a 
blend of differently modified nanoparticles contained within 
3 

the packaging material enclosure, whereby as odor or gas is generated 
within the enclosure, it is adsorbed onto the surfaces of the 
nanoparticle blend . 

In still a-further alternative embodiment, a package containing a product 
includes a product. . . 

. . .within an enclosure formed by the packaging material; and a blend of 
modified and unmodified nanoparticles contained within the packaging 
material enclosure; whereby, as odor or gas is generated within the 
enclosure, it is adsorbed onto the surfaces of the nanoparticle blend. 

In still a further alternative embodiment a method for neutralizing odor 
contained within the... 
...an enclosure formed by the packaging material; and a blend of either 
modified and unmodified nanoparticles , differently modified 
nanoparticles , different unmodified nanoparticles or a combination 
thereof with blend contained within the packaging material enclosure. As 
odor or. . . 

. . .DRAWINGS 

Fig. 1 is a drawing of a modified high surface area material, 
specifically a lnanoparticle of the inventive composition, in accordance 
with one embodiment of this invention. 



Fig. 2 is. 



...many different odorous categories. Therefore, by using a blend of high 
surface area materials, particularly nanoparticles , and desirably 
silica nanoparticles in product 
4 

packaging, various odor causing chemicals can be adsorbed/ absorbed on the 

nanoparticle surfaces, resulting in reduced product odor. In 
particular, by blending unmodified nanoparticles with metal modified 
nanoparticles , or alternatively, blending various different metal 
modified nanoparticles , a targeted odor reducing composition can be 
formulated. 

For the purposes of this application, the terms "unmodified" and 
"nonmodif ied" are used interchangeably to mean a nanoparticle that has 
not been modified to have at least one metal component (such as metal... 

. . .of this application, the terms "metal modified" and "metallized" are 
used interchangeably to mean a nanoparticle that has been modified to 
have at least one metal component (such as metal ion) associated with it. 
By being "associated" the metal component is in close proximity to the 
nanoparticle such as through charge attraction or other more secure 
bonding methods. In a desirable embodiment, such metal component is not 
easily dislodged from its association with the nanoparticle . 

Often, product odors are not caused by single odor causing chemicals, but 
instead are caused. . . 

...of multiple odor causing chemicals. Therefore, by using a blend 
combination of different modified metallized nanoparticles and/or 
metallized nanoparticles and unmodified nanoparticles , targeted odor 
reduction can be achieved for specific product applications. For example, 
the metal modified nanoparticles would be effective for neutralizing 
bathroom odors (sulfides and amines) whereas, unmodified nanoparticles 
would be more effective for neutralizing tobacco odor (aliphatic acids 
and aldehydes) . Further still, a blend of modified and unmodified 
nanoparticles would be a desirable composition for cooking food 
(kitchen) odors (aldehydes, sulfides and amines) . 

Such. . . 

...or in a surrounding environment. 

By reacting various transition metals onto the surface of the 
nanoparticles , the affinity for adsorbing various odor causing chemicals 
can be changed. The blended nanoparticles may then be added to the 
product packaging, either as an insert, as part of... 

...has been found that the use of blended high surface area materials, and 
in particular, nanoparticles , applied to either an insert within the 
package, the product within the package or to... 

...In a desirable embodiment, this invention specifically relates to high 
surface area materials, such as nanoparticles , which have been modified 
with at least one metal ion. 

Blends of the differently modified nanoparticles , or modified 
nanoparticles and unmodified particles may then be used to adsorb odors 
in product packaging headspace. It... 



. . .gram, and even more suitably at least about 800 square meters/gram. 

As previously indicated, " nanoparticles " are examples of high surface 
area materials useful in this invention. For the purposes of this 
application, the term " nanoparticle " refers to a high surface material 
having an effective particle diameter of less than about 500 nanometers. 
While the invention will be described hereinafter with particular 
reference to nanoparticles , it will be understood that the invention is 
useful with various high surface area materials. 

Fig. 1 shows a modified nanoparticle 10 according to one embodiment of 
this invention, useful as a gas and/or odor removing particle. The 
modified nanoparticle 10 includes a nanoparticle 15 and metal ions 
20. While Fig. 1 shows a plurality of metal ions 20, modified 
nanoparticle 10 can have various amounts of metal ions 2 0 and will have 
at least one metal ion 20. The modified nanoparticle 10 is useful for 
removing various gaseous compounds and/or odorous compounds. The specific 
compound. . . 

...removed is generally dependent on the specific metal ions 20 used and 
the type of nanoparticle 15. 

The modified nanoparticle may adsorb odors or gas by attraction of odor 
or gas materials 30 to the metal ions, or alternatively, directly to the 
surface of the nanoparticle 40. 

7 

Nanoparticles useful in this invention include, without limitation, 
silica, alumina, magnesium oxide, titanium dioxide, iron oxide, gold, 
zinc oxide, copper oxide, organic nanoparticles such as polystyrene, 
and combinations thereof. Nanoparticles are not generally ionic yet 
still have an overall electric Zeta Potential. "Zeta Potential" refers... 

...electrical potential, or electrokinetic potential, that exists across 
the interface of all solids and liquids. Nanoparticles with either 
positive or negative Zeta Potentials are known. Naturally occurring 
chemical reactions on the surface of a nanoparticle result in the Zeta 
Potential of that nanoparticle . For example, silica nanoparticles are 
tetrahedral complexes of silicon dioxide molecules. On the surface of the 
silica particles the... 

...to adsorb onto the silica. Such metal ions are therefore closely 

associated with the silica nanoparticles , not easily removed from such 
particles . 

The nanoparticles useful in this invention will typically have a first 
Zeta Potential and a second Zeta Potential after adsorption of the metal 
ion onto the nanoparticle due to the addition of the oppositely- charged 
metal ions. The Zeta Potential change of the nanoparficle is related to 
the amount of metal ions adsorbed onto the nanoparticle . This 
relationship provides a measurement for determining the amount of 
adsorbed metal ions and a... 

...instance, the addition of a dilute solution of copper chloride drop-wise 
to a silica nanoparticle solution until the Zeta Potential of the 
silica suspension changed from -25 millivolts to a... 

...millivolts, was found to be provide a sufficient concentration of metal 
ions adsorbed onto the nanoparticles to remove particular odorous 
compounds. In one embodiment of this invention the nanoparticle has a 
difference between the first and second Zeta Potential of at least about 
1.0 millivolt and suitably at least about 5.0 millivolts. 



The modified nanopar tides of this invention are modified in one 
embodiment with metal ions that ionically bond with. . . 

...electric potential. Positively charged metal ions are adsorbed onto a 
negatively charged surface of a nanoparticle and vice versa. Examples 
of metal ions 
8 

useful in this invention include, without limitation... 

...iron (111) ion (Fe 1 ) and combinations thereof. 

In one embodiment of this invention a modified nanoparticle useful in 
this invention has a negative Zeta Potential and adsorbs positively 
charged metal ions. One suitable modified nanoparticle has a negative 
Zeta Potential of about -1 to -50 millivolts and suitably about -1 to -20 
millivolts. In one embodiment of this invention the modified 
nanoparticle having a negative Zeta Potential is a silica nanoparticle 
. Silica nanoparticles useful in this invention are available from 
Nissan Chemical Industries, Ltd., Houston, Texas, under the name SNOWTEX, 
and have a particle size range of about 1-100 nanometers. The silica 
nanoparticles can be modified with a positively charged metal ion such 
as copper ions, silver ions, gold ions, iron ions, and combinations 
thereof. 

In another embodiment of this invention the modified nanoparticle 
useful in this invention has a positive Zeta Potential and adsorbs 
negatively charged metal ion complexes. One suitable modified 
nanoparticle has a positive first Zeta Potential of about 1 to 70 
millivolts and suitably about 10 to 40 millivolts. In one embodiment of 
this invention the modified nanoparticle having a positive Zeta 
Potential is an alumina nanoparticle . Alumina nanoparticles are also 
available from Nissan Chemical Industries, Ltd., Houston, Texas, under 
the name ALUMINASOL, and. . . 

. . . AK (Alumina coated silica) and have size ranges of about 1-300 

nanometers. The alumina nanoparticles can adsorb negatively charged 
metal complexes such as permanganate (Mn04-l)In an alternative embodiment 
of the invention, the modified nanoparticles can include metal 
components that are associated with them, but which association is not 
entirely. . . 

. . .Numerous techniques may be utilized to form a stronger bond between the 
transition metal and nanoparticles . Silica sols, for example, are 
generally considered stable at a pH of greater than about... 

...342689978 US and such Application is hereby incorporated by reference in 
its entirety. 

The unmodified nanoparticles are merely the previously described 
nanoparticle materials without the addition of metal components along 
their surfaces. The unmodified nanoparticles may have predispositions 
themselves to the adsorption of particular odors. For instance, in 
blending such. . . 

...of unmodified alumina particles to adsorb acid-based odors/gases and the 
predisposition of silica nanoparticles to adsorb aldehyde -based 
odors/gases is desirably considered. 

Unmodified nanoparticles are further described in described in Attorney 
Docket Number KCX-665 (19232) filed October 16... 



...of this invention. The addition of a metal ion adsorbed onto the surface 
of a nanoparticle , as in this invention, provides an active site for 
capturing and neutralizing gases and odorous compounds. In addition, the 
modified nanoparticles of this invention still have the large surface 
area that is useful in absorbing other odorous compounds. The metal 
component active sites of the modified nanoparticles are particularly 
useful in removing odorous compound such as mercaptans, ammonia, amines, 
and mono- and. . . 

...and aliphatic terpenoids can be removed by adsorption onto the large 
surface area of the nanoparticles . Modified nanoparticles are useful 
in removing odors caused by sulfides, disulfides, trisulfides, thiols, 
mercaptans, ammonia, amines, isovaleric... 

...acid, propionic acid, hexanal, heptanal, 2-butanone, 2-pentanone, 

4-heptanone, and combinations thereof. Modified nanoparticles can also 
remove gases such as ethylene gas, carvone, dienals, and terpenoids. 

More than one type of metal ion can be coated onto a single nanoparticle 

or multiple nanoparticles . This has an advantage in that certain 
metal ions may be better at removing specific gases and/or odorous 
compounds than other metal ions even on individual nanoparticles . In 
one embodiment of this invention, more than one type of metal ion are 
adsorbed onto different nanoparticles that are then blended together, 
for removing at least two gaseous compounds or odorous compounds from an 
environment.. In this fashion, modified nanoparticles of this invention 
can be used in combination with other modified nanoparticles for 
efficient (or targeted) removal of various gases and odors. 
For instance, In one embodiment of this invention copper ion modified 
silica nanoparticles are used in combination with permanganate ion 
modified magnesium oxide nanoparticles . By using the two different 
modified nanoparticles in combination, numerous odorous compounds can 
be removed. For example, the modified silica nanoparticle is useful for 
removing sulphur and amine odors and the modified magnesium oxide 
nanoparticle is useful in removing carboxylic acid odors. Combining 
modified nanoparticles of this invention therefore allows for removal 
of a broader range of odors . 

In a second embodiment, the modified nanoparticles as previously 
described, may be combined with the unmodified nanoparticles for a 
broad range of adorption options. 

For instance, in one embodiment, at least one type of modified 
nanoparticle is blended with at least one type of unmodified 
nanoparticle . In still another alternative embodiment, at least two 
types of modified nanoparticles are blended with at least one type of 
unmodified nanoparticle . 

Typically, the nanoparticles described are in either colloidal form or 
suspensions . 

"Colloidal" nanoparticles refer to nanoparticles that may exist as a 
stable liquid dispersion. 

The nanoparticles of the present invention may possess various forms, 
shapes, and sizes depending upon the desired result. For instance, the 
nanoparticles may be in the shape of a sphere, crystal, rod, disk, tube, 
string, etc. The average size of the nanoparticles is generally less 
than about 100 nanometers, in some embodiments from about 1 to about... 

...size of a particle refers to its average length, width, height, and/or 



diameter. 



The nanoparticles may have a surface area of from about 50 square 
meters per gram (m2/g. . .Society, Vol. 60, 1938, p. 309, with nitrogen as 
the adsorption gas. In addition, the nanoparticles may also be 
relatively nonporous or solid. That is, the nanoparticles may have a 
pore volume that is less than about 0.5 milliliters per gram... 

...0.3 ml/g. Without intending to be limited by theory, it is believed that 
nanoparticles having such a small size and high surface area may 
improve the adsorption capability of the nanoparticles for many odorous 
compounds. Moreover, it is believed that 
12 

the solid nature, i.e., low pore volume, of the nanoparticles may 
enhance the uniformity and stability of the nanoparticles , without 
sacrificing its odor adsorption characteristics. 

As previously stated, the nanoparticles may be formed from a variety of 
materials, including, but not limited to, silica, alumina... 

...zinc oxide, copper oxide, organic compounds such as polystyrene, and 
combinations thereof. For example, alumina nanoparticies may be used 
for odor reduction in accordance with the present invention. Some 
suitable alumina nanoparticles are described in U.S. Patent No. 
5,407,600 to Ando, et al . , which... 

...in its entirety by reference thereto for all purposes. Further, examples 
of commercially available alumina nanoparticles include, for instance, 
ALUMINASOL 100, ALUMINASOL 200, and ALUMINASOL 520, which are available 
from Nissan Chemical Industries Ltd. 

Alternatively, silica nanoparticles may be utilized, such as SNOWTEX-C, 
SNOWTEX-0, SNOWTEX-PS, and SNOWTEX-OXS, which... 
...alumina-coated silica particles may be used, such as SNOWTEXAK available 
from Nissan Chemical. 

The nanoparticles , such as referenced above, may possess units that may 
or may not be joined together. . . 

...units are joined generally depends on the conditions of polymerization. 
For instance, when forming silica nanoparticles , the acidification of a 
silicate solution may yield Si (OH) 4- If the pH of... 

...units may tend to separate and gradually grow to form a "silica sol." 
Such silica nanoparticles may generally be formed according to any of a 
variety of techniques well known in. . . 

...in their entirety by reference thereto for all purposes. 

In one particular embodiment, a silica nanoparticle sol is formed using 
an ionexchange technique. For exemplary purposes only, one such 
ion-exchange. . . 

. . .nanometers, and that is substantially free from any polyvalent metal 
oxides, other than silica. 

Modified nanoparticles are made from unmodified nanoparticles by 
several 

methodologies. In one desirable method, they are made by mixing 
unmodified nanoparf icles with. . . 



.metal ions in the solution. 



The metal ions are drawn to and adsorbed onto the nanoparticles due to 

the electric 

14 

potential differences. The Zeta Potential of a nanoparticle changes 
after the adsorption of metal ions according to this invention. Thus the 
Zeta Potential can be used to monitor the adsorption of metal ions onto 
the nanoparticle . The formation of such modified nanoparticles is 
described in detail in US Patent Serial Number 101137052 entitled Metal 
Ion Modified High. . . 

...tools, for effective odor removal and control. Unlike activated charcoal 
deodorants, the unmodified and modified nanoparticle blends of this 
invention maintain their odor neutralizing effects in solution. It should 
be recognized that use of the phrase unmodified and modified 
nanoparticle blend is meant to encompass either blends of modified and 
unmodified high surface area materials... 

...of different unmodified high surface area materials or combinations of 
each. The unmodified and modified nanoparticle blends of this invention 
also maintain odor neutralizing properties when dry and in aerosol form 



...allows for uses in various commercial product applications. Other 

advantages of the unmodified and modified nanoparticle blends are that 
they are colorless in solution and white in powder form (activated 
charcoal is typically black) . 

As previously stated, the unmodified and modified nanoparticle blends 
can be used to reduce/eliminate headspace odor from product packaging. 
For instance, the unmodified and modified nanoparticle blends of this 
invention can be applied to various materials for insertion into product 
packaging. In one embodiment of this invention the unmodified and 
modified nanoparticle blends are held onto a surface of a material for 
insert, by the electrical potential differences between the unmodified 
and modified nanoparticle blends (Zeta Potential) and the material 
surface (Streaming Potential) . 

As an example, the unmodified and modified nanoparticle blends of this 
invention can be applied as a solution to a surface and dried. . . 

...absorbs gas and/or odors. In one embodiment of this invention "the 

unmodified and modified nanoparticle blends are coated onto inserts to 
be placed inside product packaging. Such inserts may be... 

...nature of the product that is contained within the product packaging. 

The amount of the nanoparticles present on the insert may vary 
depending on the nature of the insert and its... 

...and then multiplying by 100. Higher add-on levels may provide optimum 
odor reduction. 

The nanoparticles may be applied to an insert using any of a variety of 
well-known application... 

...insert include printing, dipping, spraying, melt extruding, solvent 
coating, powder coating, and so forth. The nanoparticles may be 
incorporated within the matrix of the insert and/or applied to the 
surface thereof. For example, in one embodiment, the nanoparticles are 



coated onto one or more surfaces of the insert. When coated onto the 
insert . . . 

...in some embodiments, from about 4 to about 2 00 nanometers. 

The percent coverage of the nanoparticles on the surface of the insert 
may be selected to achieve the desired odor reduction. . . 

. . .placed (such as adhesively applied) on the inside surface of a product 
packaging. Alternatively, the nanoparticle blend may be coated onto a 
portion of the inside surface of the product packaging. . . 

...not in contact with the product. In still another alternative embodiment 
of this invention, the nanoparticle blend may be placed/coated on a 
portion of a product itself to be contained. . . 

...the outer tissue layer (s) of the product. However, it is desirable that 
if the nanoparticle blend is placed on a product itself, it is placed 
in such a location that it does not impact a consumer's ultimate use of 
the product. 

Unmodified and modified nanoparticle blends can be coated in various 
amounts depending on need. Suitably, unmodified and modified 
nanoparticle blends are coated on fabrics, films, or fibers in an amount 
of about 0 . 001 . . . 

...and more suitably about 0.1 grams per square meter. 

In a desirable embodiment, a nanoparticle blend is directly associated 
with a tissue product by being applied to the paper rolls... 

...45 including a hollow, cylindrical cardboard core 50, a blend of 

different metal modified silica nanoparticles have been applied as a 
coating to the inside surface of the roll core 50. Such nanoparticles 
may be applied prior to bathroom tissue packaging (during manufacture) , 
such as while the core... 

...the headspace 60 between the rolls 45 and packaging 55, can be adsorbed 
by the nanoparticle blends of the inventive composition. As can be seen 
in Fig. 

3, the blends of nanoparticles can be positioned on a disc insert 51 
contained in the package, on an inside... 
. . .a portion of the product 50, contained within the package. 

In an alternate embodiment, the nanoparticle blends can be added to the 
core, insert or packaging in conjunction with additional chemistries... 

...chemical agent may be added to the core, insert or packaging along with 
such blended nanoparticles . 

It should therefore be recognized that methods for removing odor from a 
product packaging (and. . . 

...or a portion of the product contained within the product packaging. 

The unmodified and modified nanoparticle blends are exemplified by the 
following demonstrated nanoparticle /odor affinities and the following 
product example. 



Each of the formulated nanoparticle types can be blended in either dry 
or wet form following formation, prior to blend. . . 

. . .The blends may be accomplished by mixing water suspensions of at least 
two different modified nanopar tides with stiring, or alternatively 
mixing water suspensions of modified nanoparticles with unmodified 
nanoparticles . The mixtures can then be applied to a desired substrate. 
Alternatively, the desired substrate can be treated/coated with a first 
nanoparticle suspension and then treated/coated with a second 
nanoparticle suspension. While the examples are meant to further 
describe the inventive compositions and product configurations, they are 
not meant to be limiting. 

Nanoparticle Af f ini t ie s 
In evaluating the affinities of unmodified and modified nanoparticles 
for adsorbing particular odors/gases, testing was conducted on the 
nanoparticles and odors/gases in question. Testing was in accordance 
with the following procedure. 



Test Methods . . . 



...of the chemical odor component of the control package (no treatment) to 
that of the nanoparticle treated package. Thus % odor reduction was 
expressed in this manner. 

The data suggests that for optimal odor removal, nanopar tides with the 
proper metal modification should first be determined, or alternatively, 
the proper unmodified nanoparticles should be identified. In such a 
fashion, a blend of appropriate odor reducing nanoparticles may be 
compiled in accordance with specific product needs. The blending 
technology offers the versatility. . . 

...that the human nose can detect). By determining this information one can 
then design the nanoparticle blend that would remove all the chemical 
components of the odor most eficiently. 

An examples . . . 

. . .19 1.2 87.3 

Trimethyl 0.33 0.03 7.3 

Amine 

The designed nanoparticle blend for the cat odor would comprise metal 
modified nanoparticles (amine odor removal) as the major component with 
the minor amount being the unmodified alumina nanoparticle ( for acid 
removal). This ratio is due to the amines giving rise to over 98... 

...is higher. One would only require a small amount (100 times less) of the 
alumina nanoparticles in the blend in order to remove the low 
concentration (2.4ppb) of the acid odor. 

In the second example one can design a very specific odor absorbing 
nanoparticle blend that would work on removing sock odor. 
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Sock odor can be broken down. . . 



. . .3 11.3 

Hydrogen 0.41 0.7 8.1 6.4 
Sulfide 

The specific nanoparticle blend would be a mixture of alumina and metal 
modified silica nanoparticles . The alumina nanoparticles would be in 



twice the concentration compared to the metal modified silica 
nanoparticles of the blend. There is twice the acid odor in the "sock 
odor' as there is sulfide odor. 

UNMODIFIED NANO PART I CLE AFFINITY FOR ODOR ADSORPTION EXAMPLE 1 
The effectiveness of the unmodified nanoparticles to adsorb odorous 
compounds was demonstrated. Three types of silica nanoparticles were 
tested. Specifically, the silica nanoparticles were SNOWTEX-PS, 
SNOWTEX-0, and SNOWTEX-C, all of which are commercially available from. . . 

. . .dry on the sash of a fume hood. After drying, the add-on level on 

nanoparticle solids was approximately 2.4% wt/wt based upon the weight 
of the tissue. 

The . . . 

...removed / g causing 
sample) chemical 
removed 

SNOWTEX-C 90 22 

As indicated, the unmodified silica nanoparticles were capable of 
effectively adsorbing aldehyde and ketone odors when contained on a 
fibrous substrate . 

UNMODIFIED NANO PART I CLE AFFINITY FOR ODOR ADSORPTION EXAMPLE 2 
The effectiveness of the unmodified nanoparticles to adsorb other 
malodorous compounds was demonstrated. Two types of nanoparticles were 
tested. Specifically, the nanoparticles were SNOWTEX-C and SNOWTEX-AK, 
all of which are commercially available from Nissan Chemical... 

...were present at approximately 20 wt.% solids in the solution. 

10 milliliters of the silica nanoparticles were dried at 800C to form 
powders that were then ground to a surface area... 

...sample) removed 
SNOWTEX-C 105 78 
SNOWTEX-AK 84 68 

As indicated, the unmodified silica nanoparticles were capable of 
effectively adsorbing the pyridine odor when contained on a substrate. 
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MODIFIED NANOPARTICLE AFFINITY FOR ODOR ADSORPTION 
EXAMPLE 3 

A dilute suspension of modified silica nanoparticles was made by adding 
I milliliter of SNOWTEX C, available from Nissan Chemical Industries, Ltd 



..Potential between the solutions was evidence that the metal ions had 
adsorbed onto the silica nanoparticle . 

A furfuryl mercaptan solution was prepared for testing the odor removal 
properties of the modified silica nanoparticles . A stock solution of 
0.001 percent by weight furfural mercaptan solution, available from 
Aldrich. . . 

. .was greatly reduced, and the detectable odor as well, with the addition 
of the modified nanoparticles . 
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MODIFIED NANO PART I CLE AFFINITY FOR ODOR ADSORPTION 



EXAMPLE 4 

The SNOWTEX C/copper ion suspension was tested on... 

...9 summarizes the comparison of the HPLC peaks for the 4 samples. The 
modified silica nanoparticles performed substantially better in 
removing the urine components than other materials. 

Table 9-Urine component... 

. . . Maus Maus Maus 

Urine + Modified 0 0 12 0 701 2 Maus 
Silica Maus Maus 

Nanoparticles 
Urine + Purite 773 300 0 17 820 156 
Latex Particles Maus Maus Maus Maus Maus... 

. . .Activated 900 0 50 17 820 10 
Charcoal Maus Maus Maus Maus Maus 
26 

MODIFIED NANOPART I CLE AFFINITY FOR ODOR ADSORPTION 
EXAMPLE 5 

The odor removal properties of a modified nanoparticle when dry and 
coated on a surface was tested by coating a 10.16 centimeter... 

...the untreated paper towel. However, no odors penetrated the paper towel 
treated with the modified nanoparticles for about three hours. After 
three hours the modified nanoparticles were saturated and the odors 
were detectable. The treated paper towel developed a dark area over the 
beaker during testing resulting from the binding of the furfuryl 
mercaptans . 

MODIFIED NANOPART I CLE AFFINITY FOR ODOR ADSORPTION 
EXAMPLE6 

The odor removing properties of modified nanopar tides as an invisible 
...standard bathroom tile (15 centimeter x 15 centimeter) from Home Depot 
with copper modified silica nanoparticles of Example 3. The suspension 
of copper modified silica nanoparticles was applied to a KIMWIPES® 
wiper. 

The moist KIMWIPES®) wiper was used to wipe the... 

. . .desiccator, once with an untreated control tile in the desiccator, and 
once with the modified nanoparticle treated tile in the desiccator. The 
ammonia gas was measured by use of a Drager. . . 

...tile and with the untreated tile. The ammonia concentration in the 

desiccator with the modified nanoparticle treated tile was measured at 
less than 2 parts per million. The modified nanoparticles on the 
standard bathroom tile were effective in substantially reducing ammonia 
gas and odor. 

MODIFIED NANOPARTICLE AFFINITY FOR ODOR ADSORPTION 
EXAMPLE7 

To demonstrate the odor removing properties of modified organic 
nanoparticles of this invention copper ions were adsorbed onto 
polystyrene nanoparticles . A dilute suspension of modified polystyrene 
nanoparticles was made by adding 1.0 milliliter of polystyrene 
nanoparticle suspension, the nanoparticles having a particle diameter 
of 64 nanometers, available from Polysciences, Inc., Warrington, 
Pennsylvania, to 9 . 0 milliliters of deionized water. The polystyrene 
nanoparticle suspension had a Zeta Potential of -49 millivolts, as 



measured by the Zetapals Unit as... 

...of 0.01 percent by weight copper chloride (CUC12) solution was added to 
the polystyrene nanoparticle suspension. After the addition of the 2 
drops of copper chloride solution the Zeta Potential . . . 

. . .polystyrene solution was measured at -16 millivolts, thus confirming 
copper ion adsorption onto the polystyrene nanoparticles . One drop of 
the modified nanoparticle solution was added to a 2 . 0 milliliters of 
0.001 percent by weight solution... 

...Example 3 was used to measure furfuryl mercaptan presence before and 
after adding the modified nanoparticles . The area of the furfuryl 
mercaptan peak before the addition of the modified nanoparf lcles was 193 
milliabsorption units and after the addition of the modified 
nanoparticles was 14 milliabsorption units. The copper modified 
polystyrene nanoparticles proved useful in removing sulphurous 
compounds . 

MODIFIED NANOPARTICLE AFFINITY FOR ODOR ADSORPTION 
EXAMPLE 8 

A dilute suspension of modified silica nanopar tides was made by adding 
I milliliter of SNOWTEX C, available from Nissan Chemical Industries, Ltd 

. ..C/iron (111) chloride suspension at +13 millivolts. One drop of each of 
the modified nanoparticle solutions was added to a separate 2.0 
milliliter solution of 0.001 percent by... 

...3 was used to measure furfuryl mercaptan presence before and after 

adding the different modified nanoparticles . The results are summarized 
in Table 10 . Each of the modified nanoparticles were successful in 
removing furfural mercaptan from the solution. Additionally, iron (111) 
ion modified silica nanoparticles had a positive Zeta Potential which 
can allow application to fabrics made from materials such... 

. . . 97% 

In the following Table 1 1, the adsorption of ammonia by various metal 
modified nanoparticles was comparatively evaluated. In particular, the 
analysis of dried modified nanoparticles confirmed that the 
nanoparticles are effective in removing triethylarnine (TEA) odors. In 
conducting the review, a small amount of metal modified nanoparticle 
suspension was placed in a vial and allowed to air-dry at ambient 
conditions . A. . . 

...data that the TEA is efficiently removed by both the Copper and Iron III 
modified nanoparticles , while unmodified nanoparticles do a much less 
efficient job of TEA removal. For other chemistries, as illustrated in... 

...the odors caused by other chemistries. For instance, ammonia adsorption 
experiments with metal modified silica nanoparticles demonstrated a 
high capacity of the modified nanoparticles for ammonia gas. 
Experiments with 1000 ppm ammonia did saturate the nanoparticles as 
can be seen in Table 12 below. 
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Table 12 

Sample Ammonia Gas Detected % Removed 
(ppm) 

Control 1000 0 

Iron (111) Silica 220 78 



Copper/Silica 210 80 
Silver. . . 

. . .30 

KIMWIPES® Control 900 10 

It can be observed from the data that zinc modified nanoparticles have 
little ability to remove ammonia gas, while silver modified 
nanoparticles ; have a very strong ability to remove ammonia gas. 

The data in Table 13 below indicates a situation in which unmodified 
silica nanoparticles were optimal for removal of a specific chemical 
odor. For this study Silica, Silica/Copper and Silica/ (ron (111) 
nanoparticle coated KIMWIPES® were analyzed for their ability to remove 
ketone and aldehyde odors. The results demonstrate that unmodified silica 

nanoparticles perform better for ketone odor removal than do copper or 
iron (III) modified silica nanoparticles . Specifically, the samples were 
tested for removal of 2 , 3Butanedione . 

Table 13 

Sample % Removed Mg. . . 

. . .01g) 18.85 99 

Silica/Iron (lll)(0.01g) 17.33 82 

Similarly, unmodified silica nanopar tides performed better for odor 
removal in removing aldehyde odors (3 -methyl -butanal ) as can be... 

. ..01g) 1.6 0 (approximately) 

Silica/iron (lll)(0.01g) 0.99 0 (approximately) 
MODIFIED NANOPARTICLE AFFINITY FOR ODOR ADSORPTION 
EXAMPLE 9 

This example illustrates the method of preparing a copper ion coating on 
a 

nanoparticle that has a high surface area (508m2/g) 
The potential to deposit copper hydroxide as an insoluble layer onto 
silica nanoparticles was successfully demonstrated. SNOWTEX-OXS (Nissan 
Chemical America, Houston, TX) a commercial 10% wt/wt suspension of 4-6nm 
diameter nanoparticles was adjusted to pH 8.7 and a solution of copper 
chloride added with high... 

...charged. The copper hydroxide coated silica sample retains the high 
surface area of the silica nanoparticle starting material. 

In practicing blends of the current invention, it may be desirable, 
depending upon. . . 

...described in the following examples, may be used to create such a coated 
insert . 

MODIFIED NANOPARTICLE AS PART OF DURABLE COATING EXAMPLE 10 
Base sheet preparation: A dilute suspension of modified silica 
nanoparticles was made by adding SNOWTEX-AK nanoparticles from Nissan 
Chemical Industries to deionized water to produce a 2 weight percent 
solution. A. . . 

. . .an amount of 120 milliliters was added to 1120 ml of the 2 weight 

percent nanoparticle solution. Approximately 28.75 grams of Acid Blue 
45, also from Aldrich Chemical Company was... 

...7 microns 35230 4813 
0.5 microns 57841 8557 



0.3 microns 78019 13362 

MODIFIED NANO PART I CLE AS PART OF DURABLE COATING 
EXAMPLE 11 

A dilute suspension of modified silica nanopar tides was made by adding 
SNOWTEX-0 nanoparticles from Nissan Chemical Industries to deionized 
water to produce a 2 weight percent solution. A. . . 

..0.5 ml amount of the PEI solution was added to 300 ml of the 
nanoparticle solution with the further addition Of CUC12 (Aldrich 
Chemical Company) in a sufficient amount to. . . 

..of the fan blowing. The sample with PEI lost no silicon, indicating that 
the silica nanoparticles were 
34 

well bonded to the towel. The odor removal capability was also tested and 



. . .Application Example 

In order to demonstrate the efficacy of including a blend of odor 
reducing nanoparticles within a product packaging, a small gauge 
hypodermic syringe was used to inject 1 ml of iron modified nanoparticle 

silica (20 % active) into a cardboard roll core of a KLEENEX® 
COTTONELLE® Aloe and E . . . 

...The same method of injection was used to add both unmodified and iron 
modified silica nanoparticles to KLEENEX ©COTTONELLE® Aloe and E 4 pack 
bathroom tissue. 



While the invention has been. . . 



Claim 

method of claim 1 wherein the differently modified high surface area 
materials comprise metal modified nanoparticles . 

4 The method of claim 1 wherein the step of applying is comprised of 
applying. . . 

. . .claim 6 wherein the modified and unmodified high surface area materials 
comprise unmodified and modified nanoparticles . 
36 

. The method of claim 6 wherein the step of applying is comprised of 
applying . . . 

. . .product within an enclosure formed by 
the packaging material; and 

a blend of differently modified nanoparticles contained within said 
packaging 

material enclosure; 

whereby as odor or gas is generated within said. . . 

. . .within an enclosure formed by 
the packaging material; and 

a blend of modified and unmodified nanoparticles contained within said 
packaging material enclosure; 

whereby as odor or gas is generated within said... 
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Detailed Description 

Claims 
Detailed Description 
the like . 

Brief Description of the Drawings 

Figure 1 shows a standard curve for the detection of furfuryl mercaptan 
by Michler ' s 
Hydro 1 -dye; 

Figure .2 shows a standard curve for the detection of ammonia by 
MH-dye; 

Figure 3 shows simple breath testing devices according to one embodiment 
of... 

. . .of the Invention 

The invention provides simple visual breath testing devices which are 
able to detect levels of sulfur and/or ammonia compounds in a user's 
breath which are indicative of bad breath. Thus, the breath... 



.to 0.5% wt/wt. 



The substrate, typically a cellulose tissue, may be coated with 
nanoparticles to provide a high surface area coating on the substrate, 
i.e., higher than the . . . 
...cellulose tissue may be given a boost in surface area by coating it with 
the nanoparticles . The treated substrate may be then coated with the 
visual indicating dye. 

It ' s believed. . . 

...thinner coating and thus improving the sensitivity of the device. 

The average size of the nanoparticles is generally less than about I 00 
nanometers, in fact it may be from about... 

...size of a particle refers to its average length, width, height, and/or 
diameter. 

The nanoparticles may have a surface area of from about 50 square 
meters per gram (m2/g. . . 

...some cases, from about 180 m2/g to about 240 M2/g. 

In addition, the nanoparticles may also be relatively nonporous or 
solid. That is, the nanoparticles may have a pore volume that is less 
than about 0.5 milliliters per gram... 
...g. It is believed that the solid nature, i.e., low pore volume, of the 
nanoparticles may enhance the uniformity and stability of the 
nanoparticles . 

Examples of commercially available alumina nanoparticles include, for 
instance, Aluminasol® 1 00, Aluminasol® 2 00 and Aluminasol® 520, which 
are available from Nissan Chemical America Corporation, Houston, TX, USA. 
Alternatively, silica nanoparticles may be utilized, such as 
Snowtex-C®, Snowtex-00, Snowtex-PSO and Snowtex-OXS®) nanoparticles , 
which are also available from Nissan Chemical. 

Snowtex-OXS@) nanoparticles , for instance, have a particle size of from 
4 to 6 nanometers, and may be . . . 

. . .meters per gram. Also, alumina-coated silica particles may be used, such 
as Snowtex-AK® nanoparticles available from Nissan Chemical. 

The breath testing device includes a simple supporting member, such as... 

. . .KIMWIPES®) tissues from Kimberly-Clark Corporation of Dallas, TX, USA 
were coated wit® Snowtex-0®) nanoparticles (pH 4.1), available from 
Nissan Chemical, and were used in the examples described herein... 

...1 mg/ml stock solution of MH-dye 16 was applied on a Snowtex7lm-0 
nanoparticle -coated Scoff® paper towel and allowed to air dry. The 
dye-coated paper towel was... 

...the electronic devices. 

14 

Example 9 

KIMWIPESO tissues were coated with a 5% Snowtex-0® nanoparticle 
solution 

from Nissan Chemical and then air-dried. 5.0 mg/ml stock solution of 
MH-dye in acetonitrile was applied to the Snowtex-O® nanoparticle 



-coated KIMWIPESO tissues and a blue color was observed to develop as the 
applied dye . . - 

...Oakland, California, was placed on a cardboard strip 22, and a piece of 
the dye-® nanoparticle coated tissue 24 was placed over a first end 25 
of the straw 20. Thus .. .Accordingly, 1 mg/ml stock solution of MH-dye was 
applied on a Snowtex@-0 nanoparticle -coated Scott® paper towel and 
allowed to air dry, before being attached to the strip. . . 

Claim 

... 4,4' bis (dimethylamino) -benzhydrol . 

6 The breath testing device of claim 4, further comprising nanoparticles 



7 The breath testing device of claim 1, comprising a dried residue of an 
applied. . . 
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Detailed Description 

Claims 



Detailed Description 

. .. substance, compound, chemical, mixture or absorbent (such as activated 
carbon, clay, zeolites, coated or modified nanoparticle silica or 
alumuina and molecular sieves) useful in controlling odors. 



As used herein the term. . . 



...silicates, starches, ion exchange resins, cyclodextrins , molecular 
sieves or high surface area materials such as nanoparticles (see, for 
example, EP-A-348 978, EP-A510619, WO 91/12029, WO 91/11977... 



. . .and so forth. 



Description of the Figures 

Figure 1 shows a standard curve for the 

by 4,4' 

bis (dimethylamino) -benzhydrol (BDMB) ; 
Figure 2 shows a standard curve for the 
Figure 3 shows a standard curve for the 
4 

Figures 4 (a) and 4 (b) show two possible 



detection of furfuryl mercaptan 

detection of ammonia by BDMB; 

detection of urea by BDMB; 

designs . . . 



. .ppb) , more preferably from > 1 0 ppb, and most preferably >I 00 ppb) of 
amines, ammonia , sulfur compounds, carboxylic acids and aldehydes were 
identified (Table 3) . While the indicating agent may not detect the 
lower levels of odorous compounds immediately, it may change color in 
response to these... 

. .BDMB) 

Although the odor absorbing agents which are specifically mentioned in 
the examples below are nanoparticles from Nissan Chemical America 
Corporation of Houston, Texas and Michler's Hydrol from Aldrich Chemical 



. . .molecular sieves, which are known in the art, and other high surface 
area materials or nanoparticles may also be used as the odor absorbing 
agent . 

The nanoparticles used in the practice of this invention can act as 
carriers for at least one metal ion present on the surface of the 
nanoparticle , and the metal ion creates an active site that binds with 
at least one gaseous compound and/or odorous compound thereby removing 
the compound from the surrounding environment. Nanoparticles can also 
absorb certain gaseous compounds and/or odorous compounds from the 
surrounding environment by adsorption directly onto the surface of the 
nanoparticles . 

The nanoparticles are modified with metal ions that ionically bond with 
cc)mpounds such as gases and... 

...on the periodic table. Other ions can be used in the invention as well. 
The nanoparticle may be made from any of silica, alumina, magnesium 



oxide, titanium dioxide, iron oxide, gold. . . 

...ion, gold ion, permanganate ion, chlorite ion, persulfate ion, iron ion, 
and combinations thereof. 

Modified nanoparticles are made by mixing nanoparticles with 
solutions 

containing metal ions. Such solutions are generally made by dissolving 
metallic compounds into... 
. . .metal ions in the solution. The metal ions are drawn to and adsorbed 
onto the nanoparticles due to the electric potential differences. 

Further discussion of the modification of nanoparticles may be found in 
US patent application 10/137052, filed on April 30, 2002, which... 

...systems known in the art. 

The use of pH control in the modification of silica nanoparticles was 
demonstrated using a 1 0 weight percent suspension of SNOWTEX-OXS® 
nanoparticles from Nissan Chemical, having an unmodified particle size 
of 4 to 6 nm. The pH. . . 

...Zeta potential was obtained the addition of copper chloride was stopped. 
The resulting copper modified nanoparticle had a particle size of about 
43 nm and a surface area of about 500... 

...and air-dry method. The odor absorbing agents for this example were 
alumina-coated silica nanoparticles SNOWTEXAK0, available from Nissan 
Chemical . 

A visual indicating agent, phenol red (also available from Aldrich. . . 
...shown in Figure 2, a standard curve was derived using ammonium hydroxide 
solution as an ammonia odor source detected by BIDMB (MH-dye) . In 
Figure 2 the x-axis is the concentration of ammonia in ppb from 0 to 
400 and the y-axis is the absorbance at 590... 

. . .Technologies of Chant illy, Virginia (Model # MRX) . The absorbance 

readings were plotted against the concentrations of ammonia solutions, 
with the concentrations being represented as parts per billion (ppb) . The 
sensitivity of ammonia detection was very high according to the MH1 5 
dye method, and it was shown that ... components of, among others, urine, 
feces, dog and cooking odors. 

Example 10 

SNOWTEX-Co silica nanoparticles from Nissan Chemical were modified by 
placing 2 0 mg copper chloride in 2 0 ml of a 2 0% wt/wt SNOWTEX-CO 
nanoparticle suspension. KIMWIPESO tissues from Kimberly-Clark 
Corporation were coated with the copper ion modified silica nanoparticle 

suspension and allowed to air dry. These light green colored KIMWIPES® 
tissues were placed into... 

Claim 

napkin, tampon, panty shield and incontinence pad. 

15 An article for controlling odor comprising a nanoparticle selected 
from the group consisting of silica, alumina, magnesium oxide, titanium 
dioxide, iron oxide, gold. . . 
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polymeric systems well 1 5 known to those skilled in the art, 
micelles, liposomes, microspheres, nanoparticulates , liquid crystals 
and dispersions thereof, L2 phase and dispersions there of, well known to 
those . . . 

...useful controlled release system and compositions are hydrogels, 
oleaginous gels, liquid crystals, polymeric micelles, microspheres, 
nanoparticles , 

Methods to produce controlled release systems useful for compositions of 
the current invention include, but... methyl ester (1.77 g, 5.01 mmol) in 
MeCN (30 ml) was added aqueous ammonia (50 ml, 25%; 12.5 g NHO. After 
stirring at room temperature for 71 h no more starting material could be 



detected by TLC. The mixture was concentrated under reduced pressure, 
and the residue was resuspended in. . . 
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Detailed Description 

... or at least about 40 hours. The magnetic resonance imaging moiety can 
include a magnetic nanoparticle (e.g., a magnetic metal oxide, e.g., a 
superparamagnetic metal oxide) . The metal oxide can be iron oxide. 

In certain embodiments, the nanoparticle can be an amino-derivatized 
crosslinked iron oxide nanoparticle , and can have an average diameter 
of from about 5 nm to about 100 run. . . 

. . .free amino group. 



In some embodiments, the magnetic resonance imaging moiety can include a 



magnetic nanoparticle , (e.g., magnetic metal oxide, such as 
superparamagnetic iron 

oxide) . In certain embodiments, the magnetic nanoparticle can be a 
small 

paramagnetic iron oxide (SPIO) or an ultra-small paramagnetic iron oxide 
(USPIO) . 

hi certain embodiments, the magnetic nanoparticle can be a coated, 
cross-linked iron oxide (e.g., an iron oxide nanoparticle coated with 
aminated, cross-linked dextran, e.g., (CLIO)). The magnetic metal oxide 
can also. . . 

...superparamagnetic compounds and magnetite, gamma ferric oxide, or 
metallic iron. In certain embodiments, the magnetic nanoparticle can 
have a relatively high relaxivity, i.e., strong effect on water 
relaxation. 

In some embodiments, the magnetic nanoparticle (e.g., including the 

nanoparticle and a coating, e.g., a dextran coating) can have an 
average diameter of from. . .at least about one week) . In certain 
embodiments, probes having one or more iron oxide nanoparticles can be 
useful for this purpose. 

Magnetic nanoparticles (e.g., having an average particle size of from 
about 5 run to about 1 . . . 

...large to undergo renal elimination and generally too small to be 
recognized by phagocytes. Such nanoparticles are eventually 
internalized, predominantly by cells of the reticuloendothelial system, 
and the superparamagnetic 

irondissolvesandjoinsnormalironpools . Anexemplaryprobeof thistypeisCyS . . . 

. . . subsequent 

editions thereof 

In some embodiments, precursor magnetic resonance imaging moieties can 
include coated magnetic nanoparticles (e.g., cross-linked 
dextran- coated 

nanoparticles ) . The coatings can be further denivatized with one or 
more nucleophilic (e.g., amino groups) or electrophilic (e.g., activated 
ester) functional groups. 

Carboxy functionalized nanoparticles can be made, for example, 
according to the method of Gorman (see WO 00/61191... 

...salts are mixed together and are then neutralized with ammonium 

hydroxide. The resulting carboxy f tinctionalized nanoparticles can be 
used for coupling amino functionalized groups. 

Carboxy-functionalized nanoparticles can also be made from 
polysaccharide coated nanoparticles by reaction with bromo or 
chloroacetic acid in strong base to attach carboxyl groups. In addition, 
carboxy-functionalized particles can be made from amino-f unctionalized 
nanoparticles by converting amino to carboxy groups by the use of 
reagents such as succinic anhydride or maleic anhydride. 

Nanoparticle size can be controlled by adjusting reaction conditions, 
for example, by using low temperature during... 

...or gel filtration, as described, for example in U.S. Patent No. 
5,492,814. 



Nanoparticles can also be synthesized according to the method of Molday 
(Molday, R.S. and D. . . 

. . . 52 (3) : 353-67, and treated with periodate to form aldehyde groups. The 
aldehyde -containing nanoparticles can then be reacted with a diamine 
(e.g., ethylene 
17 

diamine or hexanediarnine) , which. . . 

...form a Schiff base, followed by reduction with sodium borohydride or 
sodium cyanoborohydride . 

Dextran- coated nanoparticles can be prepared and cross -linked with 
epichlorohydrin. The addition of ammonia will react with epoxy groups 
to generate amine groups, see Hogernann, D . , et al., Improvement 
ofMR [probes to allow efficient detection ofgene expression Bioconjug. 
Chem. 2000. ll{6):941-6, and Josephson et al . , "High-efficiency... 
. . .when f tinctionalized with amine is referred to as amine-CLIO or 
NH2-CLIO. 

Carboxy-functionalized nanoparticles can be converted to 

aminof tinctionalized magnetic particles by the use of water-soluble 

carbodiimides and. . . 

. . . Cy5 CLIO as the candidate probe . 

Example 1. Synthesis of Cy5 CLIO 

The Amino-CLIO nanoparticle (see e.g., Josephson, L., High-efficiency 
intracellular magnetic labeling with novel superparamagnetic-Tat peptide 

...novel superparamagnetic-Tat peptide conjugates. 

Bioconjug Chem, 10: 186-191, 1999; and the concentration of 
nanoparticles obtained by assuming 2064 iron atoms per crystal (see, 
e.g., Shen, T. , et al . . . 

...iron oxide nanocompounds (MION) : physicochemical properties. Magn Reson 
Med, 3o 29: 599-604,1993). The nanoparticle , Cy5 CLIO, was 32 m-n using 
the volume estimation of laser light scattering (Malvern... 

. . .Ab (Jackson hrminunoresearch 

Laboratories, West Grove, PA). The fluorescence from GFP (tumor), Cy5 . 5 
25 

( nanoparticle ) and the rhodamine (glia cells and macrophages) were 
obtained by selecting appropriate excitation and emission... 

...tumor relative to the surrounding tissue on T2-weighted images (FIG. IB) 
is indicative of nanoparticle accumulation, which causes reduction in 
signal intensity with T2 weighted spin echo pulse sequences. Reduction... 

...T2 weighted, but not proton density weighted, images is characteristic 
of monodisperse superparamagnetic iron oxide nanoparticles and is not 
seen with larger magnetic particles or gadolinium chelates (see, e.g., 
Rogers ... 

Claim 

... 15 The method of claim 1, wherein the magnetic resonance imaging 
moiety comprises a magnetic nanoparticle . 



16 The method of claim 15, wherein the magnetic nanoparticle comprises 
a magnetic metal oxide. 

17 The method of claim 16, wherein the magnetic metal... 
...wherein the metal oxide is iron oxide. 

19 The method of claim 15, wherein the nanoparticle is an 
aminoderivatized cross -linked iron oxide nanoparticle . 

20 The method of claim 15, wherein the nanoparticle has an average 
3o diameter of from about 5 mn to about I 00 mn. 

21 The method of claim 20, wherein the nanoparticle has an average 
diameter of from about 2 0 mn to about 80 run. 

22 The method of claim 20, wherein the nanoparticle has an average 
diameter of from about 4 0 mu to about 60 nm. 

32 

23 . . . 

. . . is a human. 

44 The method of claim 2, wherein the probe further comprises a 
nanoparticle . 

45 The method of claim 44, wherein the nanoparticle is an iron oxide 
nanoparticle . 

46 A computer readable medium on which is recorded one or more 
magnetic resonance images... 
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METHOD FOR CREATING A FUNCTIONAL INTERFACE 
BETWEEN A NANO PART I CLE , NANOTUBE OR NANOWIRE, 
AND A BIOLOGICAL MOLECULE OR SYSTEM 
STATEMENT REGARDING FEDERALLY SPONSORED 
RESEARCH OR. . . 

...of the device. Consequently, chem-FET devices having carbon nanotubes 
have been used for such detection . The carbon nanotubes are usually 
used as a bridge between the source and the drain. The presence of 
certain molecules such as oxygen or ammonia can alter the overall 
conductivity of the carbon nanotube by the donation or acceptance of... 
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English Abstract 

...1), a sensor medium (3) formed on the substrate, the sensor medium 
comprising one -dimensional nanoparticles , wherein the one-dimensional 
nanoparticles essentially consist of a semiconducting A"sub"xB"sub"y 
compound, e.g. V"sub. . . 

French Abstract 

. . .un milieu de detection (3) forme sur le substrat, lequel milieu de 
detection comprend des nanoparticules unidimensionnelles qui sont 
principalement constituees d'un compose semi-conducteur A"sub"xB"sub"y. . . 

...du detecteur. La selectivite et la sensibilite du detecteur peuvent etre 
personnalisees par dopage des nanoparticules unidimensionnelles a 
l'aide de differents dopants ou par variation de la concentration de 
dopant . . . 

Detailed Description 

... and Actuators 1993, B 13-14, 420 - 423 report a similar behavior of an 
optical sensor based on calcein-poly (acrylonitrile) in the case of 
ammonia detection . The sensitivity increased when 1/ . . .to be the 
size, which is in the centimeter scale. Metal oxide sensors can also 
detect ammonia , with a detection limit of about 25 ppm, but they 
suffer from their high power consumption and a. . .a substrate, a sensor 



medium formed on the substrate, the sensor medium comprising 
one-dimensional nanoparticles , wherein the one-diinensional 
nanoparticles essentially consist of a semiconducting A, ,By compound, 
wherein the semiconducting A. By compound is... metal compounds have 
different selectivities towards a target analyte. The material of the 
one -dimensional nanoparticles used for assembling the sensor device are 
therefore selected depending on the analyte to be... 0.001 and 0 When 
using e.g. V205 as a material of the onedimensional nanoparticles 
vanadium may be present in the V" as well as in the V5 1 state. In... 
example by introducing defects, the sensitivity of the sensor may be 
enhanced. 

The one-dimensional nanoparticles used as the sensitive medium in the 
sensor ...a much larger extension in a longitudinal direction than in 
directions perpendicular thereto. Usually the nanoparticles have 
dimensions in the micrometer scale in a longitudinal direction and in the 
nanometer scale in both directions perpendicular thereto. Preferably the 
one-dimensional nanoparticles have a length of less than 100 gm, 
especially preferred less than 15 gm, most... 

..less than 5000 nM2, especially preferred less than 50 nM2 . The length 
of the onedimensional nanoparticles can conveniently be controlled by 
the reaction time during the synthesis of the one -dimensional 
nanoparticles . The one -dimensional nanoparticles have the shape of a 
fibre and therefore do not easily self -organize to form a close-packed 
arrangement as for example nanoparticles which have a spherical shape. 
Therefore voids within the sensor medium are increased allowing a sensor 
device. 

The one-dimensional nanoparticles are present in the sensor medium as 
individual particles. It is sufficient to stabilize the sensor medium 
just by physical interactions and to deposit the one -dimensional 
nanoparticles on a substrate surface. To increase mechanical stability 
of the sensor medium the one -dimensional nanoparticles may be 
interlinked by e.g. bifunctional ligands or may be embedded in a matrix. 
The one -dimensional nanoparticles used in the sensor device according 
to the invention are made from a semiconducting material components A and 
B of the semiconducting A. By compound the one-dimensional nanoparticles 
have different selectivity towards a given analyte compared to the 
carbon-SWNT based sensors described by J. Kong et al . loc. cit. Methods 
for obtaining one-dimensional nanoparticles , as used in the sensor 
device according to the invention, are well established. The 
one -dimensional nanoparticles can easily be modified in their 
composition, e.g. by addition of a dopant, and... costs and also can be 
miniaturized to form part of integrated circuits. 

The one -dimensional nanoparticles may be hollow or filled and may e.g. 
have the form of a nanotube or a nanowire. Filled one -dimensional 
nanoparticles are preferred. 

Further the one -dimensional nanoparticles may have various shapes of 
cross sections, e.g. may have a round (circular) or rectangular cross 
section. The one -dimensional nanoparticles may then have the form of a 
nanowire or a nanobelt. Nanobelts are especially preferred as sensing 
material. The sensor medium may also comprise bundles of one -dimensional 
nanoparticles . 

The synthesis of one -dimensional nanoparticles formed of 
II-VI-semiconductors or III-Vsemiconductors is e.g. described by X. Duan 
...P, examples for binary I I -VI compounds are ZnS, ZnSe, CdS, and CdSe. 
One 



dimensional nanoparticles have been prepared from the above-mentioned 
semiconducting materials in bulk quantities with high purity. . . 

...for examples can be prepared using the laser assisted catalytic growth 
(LCG) method. 

One-dimensional nanoparticles of semiconducting metal oxides can be 
prepared by a method described by Z. W. Pan... 

. . .metal oxides that can be used as a source for the preparation of 
one-dimensional nanoparticles used ...are e.g. Ga2031 Sn02, In2031 
Pb02, M901 Fe20,31 W18049, and Ge02- One-dimensional nanoparticles 
consisting of semiconducting metal sulfides may be prepared from M0S2, 
NbS2, TaS., TiS2, WS2t W03MOO . . . e .g . Fe203 , Fe'3041 In203, Sb203 # Sn02 , 
Ti02 and Si02) . The synthesis of Si3N4- nanoparticles has been described 
by Han, W.; Fan, S.; Lit g. ; Hu, Y. Science 1997, 277... 

...P.; Levy, P.; Mihailovic, D. Science 2001, 292, 479 - 481 described the 
synthesis of onedimensional nanoparticles made from GaSe. 

One -dimensional nanoparticles can be prepared with a wide range of 
compounds using a porous template , e.g... via the appropriate technique, 
for example thermal decomposition or etching, leaving the required 
one -dimensional nanoparticles . Details towards the growth of 
one-dimensional nanoparticles are given e.g. in Caruso, R.A. ; Schattka, 
J.H.; Greiner, A. Adv. Mat... or in combination with each other. For 
example it is possible to use one -dimensional nanoparticles made of 
pure V205. The physical characteristics of the one -dimensional V205 may 
be modified. . . 

...further material, e.g. W031 to the one -dimensional V205-material . 
Further different one-dimensional nanoparticles made of different 
semiconducting materials may be used within a single sensor medium of the 

...according to the invention. The sensor medium then contains e.g. a first 
one -dimensional nanoparticle made of a first semiconducting A,, BY 
compound and a second one -dimensional nanoparticle made of a second 
semiconducting A,, By compound. 

Preferably the semiconducting one -dimensional nanoparticles are made of 
a vanadium oxide material. Vanadium pentoiide one -dimensional 
nanoparticles are easily obtained by wet-chemistry, in large amounts and 
as pure material. They can. . .C. Coulon, S. Regnault and J. Livage, 
Langmuir, 2000, 16, 5295- 5303. 

The one -dimensional nanoparticles can be employed as synthesized in an 
undoped form. To modify and to tune the... 

...sensitivity of the sensors according to the invention towards a target 
analyte the one -dimensional nanoparticles may be doped with a dopant. 
Sensors with appropriate dopants are highly sensitive and allow. . .which 
are incorporated in the structure or immobilized at the surface of the 
one -dimensional nanoparticle . This is possible by exchanging protons at 
the surface of the one-dimensional nanoparticle . In case of vanadium 
oxide most of the vanadium atoms in the one -dimensional vanadium. . .V 
oxidation state hydroxy groups may be formed on the surface of the 
one-dimensional nanoparticle by partially hydrolysing the vanadium 
oxide in water. Such hydroxy groups are acidic and the... the layered 
structure of the material enabling exchange by a larger cation. 



The one-dimensional nanoparticles can also be doped by intercalation of 
neutral molecules between layers of the one-dimensional nanoparticles . 
This implies swelling of the structure inducing a weakening of the 
interaction forces between different layers of the one-dimensional 
nanoparticle . Such an intercalation of neutral molecules between layers 
of vanadium pentoxide xerogels is e.g... 

...It is also possible to immobilize molecules or particles on the surface 
of the onedimensional nanoparticle . 

Possible dopants that may be used to dope the sensor medium are ions, 

like Au salt may also be employed. Also possible is to dip the 

one -dimensional nanoparticles into a solution containing the metal 

which is used as a dopant in solid form. The metal is then oxidized and 

incorporated into the one -dimensional nanoparticles . Such an 

incorporation of 

metal ions into vanadium pento 

-@ide xerogels has been described e. . . 

...an ingredient of a cathode material in a coin cell assembly. 

Further the one -dimensional nanoparticles can be doped with organic 
molecules. A broad variety of organic molecules may be used... 
...and pyrrole derivatives. The organic molecules are adsorbed on the 
surface of the one-dimensional nanoparticles or intercalated between 
layers of the one-dimensional nanoparticles thereby modifying the 
physical and chemical characteristics of the one -dimensional 
nanoparticles . For example T. 

Kuwahara, H. Tagaya and J. Kadokawa, Inorganic Chemistry Communications, 
2001, 4, 63... 

. ..S.D. Huang, Angewandte Chemie International Edition, 1999, 38, 1751 
1754. Furthermore the one -dimensional nanoparticles can be doped with 
conducting polymers. Such inorganic -organic hybrid microstructures are 
known e . g ... Furthermore also large organic cations can be incorporated 
into the structure of the one-dimensional nanoparticles . Such a 
material has been described e.g. by M. Inagaki, T. Nakamura and A for 
doping the one -dimensional nanoparticles . An ion complex that can be 
used as a dopant according to the invention are... 

...of the invention the sensor medium of the chemical sensor device 

additionally comprises a second nanoparticle material which preferably 
has an approximately spherical shape. The incorporation of second 
nanoparticles different from the one -dimensional nanoparticles into 
the sensor medium allows the modification of the sensor selectivity and 
sensor sensitivity. Metal nanoparticles can be formed by evaporation of 
the metal on the one -dimensional nanoparticles pre -immobilized on the 
substrate. Further metal nanoparticles stabilized with an organic shell 
can be prepared e.g. by wet chemical methods. A method for preparing such 
nanoparticles is e.g. described by M. Brust, J. Fink, D. Bethell, D.J. 

Schiffrin and. . . 

...Chem. Commun., 1995, 1655 - 1656. This technique is applicable to a wide 
range of metal nanoparticles . Examples are Fe, Au, Ag, Pt, Pd, as well 
as some binary nanoparticles , like Fe/ Pt. Such stabilized 
nanoparticles are soluble in common organic solvents. These 
nanoparticles can be immobilized on the one -dimensional nanoparticles 
by simply dipping the substrate pre -coated with the onedimensional 



nanopar tides in the corresponding solution of the second nanoparticle 
. A chemical coupling between the one-dimensional nanoparticles and the 
second nanoparticles is possible through a bi- or polyf unctional 
organic linker compound. 

Finally, certain metal ion complexes .. .doping vanadium pentoxide 
nanobelts with a metal e.g. gold. It can be doped with nanoparticles 
stabilized with an organic shell, or by evaporation of a thin metal layer 
or with a metal salt that is converted to nanoparticles during the 
doping process. 

According to a preferred embodiment the second nanoparticles consists 
of a semiconducting material. As a semiconducting material may be used 
e.g. II... also be used as a mass sensitive sensor. The sensitive film 
comprising the one-dimensional nanoparticles is then used as a coating 
on a piezo-electric material to ...luminescence properties may change 
when the analyte molecules are adsorbed to the semiconducting 
one-dimensional nanoparticles . This change is due to a change of the 
electronic states of the one -dimensional nanoparticles and/or of the 
close environment of the one -dimensional nanoparticles . Furthermore 
the one -dimensional nanoparticles can be combined with appropriate 
chemicals, e.g. dyes, to induce a change of optical... on top of the 
sensor film. By the sorption of the analyte to the onedimensional 
nanoparticles the electronic properties of the sensor are ...used as an 
array for electronic nose purposes . 

The small size of the one -dimensional nanoparticles allows readily 
miniaturisation of the devices. The chemical sensor according to . . .g. 
to be used in a sensor array in an IC device. 

The one-dimensional nanoparticles used in the chemical sensor device 
according to the invention have a quite high electrical conductivity. 
This is especially the case when vanadium pentoxide is used as the 
one-dimensional nanoparticles . Vanadium oxide comprises vanadium in the 
valence +IV and +V state and therefore already provides ... intercalated 
into the structure of the sensing material. Depending on the length of 
the onedimensional nanoparticles also sensor devices comprising a 
single one-diniensional nanoparticle may be prepared. In this case 
preferably a single one -dimensional nanoparticle is bridging the gap 
between the two electrodes. A single one -dimensional nanoparticle is 
sufficient to obtain a sensor medium but also several nanoparticles may 
be arranged in a more or less parallel arrangement. One-dimensional 
nanoparticles of smaller size than the gap size of the electrode pair 
may be arranged to form a network. 

The one-dimensional nanoparticles then form intersections at which the 
surface areas of neighboured nanoparticles are in contact with each 
other thereby providing a conductive path between the electrodes. The... 
the following steps. 

a) providing a substrate having a substrate surface; 

b) providing one -dimensional nanoparticles essentially consisting of a 
semiconducting A,, By compound, wherein A, ...and y are as defined 
above ; 

C) coating the substrate surface with the one -dimensional nanoparticles 
thereby obtaining a sensor medium; 

d) providing detection means for detecting a change of a physical and/or 
chemical property of the sensor medium. 

The one-dimensional nanoparticles can be prepared by known methods. An 
overview on methods for obtaining one -dimensional vanadium surfactant 



during the preparation of the onedimensional nanoparticles introduces a 
high porosity as has been shown for vanadium alkoxide derived gels by S 
and sensitivity. 

The one-dimensional nanoparticles can be deposited on the substrate by 
spin-coating, drop-coating, dip-coating, brush techniques, ink jet 
printing technique or any other technique. 

The one-dimensional nanoparticles can be aligned during deposition e.g. 
to bridge two chemiresistor electrodes. Alignment of one -dimensional 
nanoparticles is preferred when using only few nanoparticles to form a 
sensor medium and allows a high reproducibility of the fabrication 
process. Alignment of the one -dimensional nanoparticles may be achieved 
by MIMIC (Micro Moulding in Capillaries) technique described by H.J. Muhr 
...room temperature and its high sensitivity. 

When using vanadium pentoxide nanofibres as a one-dimensional 
nanoparticles the chemical sensor device is sensitive to gases, say 
CO, H2, NH3 but also to SO, 02 or NO, The sensor is highly sensitive to 

ammonia and polar organic molecules, like amines or thiols and 
detection below 0,5 ppm is possible. By changing the dopant, it is 
possible to create .. .detection of amines. It could be demonstrated by the 
inventors that it is possible to detect amines in low concentrations 
down to 30 ppb at high humidity. Biogenic amines are often encountered in 
fermented foodstuff. For example, trimethylamine or ammonia is produced 
during fish decomposition. Therefore volatile amines may be used as 
indicator of fish... can also be diagnosed by a specific pattern of 
volatile amines in urine. In addition, ammonia is often used in the 
chemical industry and the detection method according to the invention 
may be used to detect leaks . 

Humidity has little effect on the response towards carbon monoxide, 
acetic acid and Ipropanolf ig. 2 schematically displays different types 
for the arrangement of one 

dimensional nanoparticles to bridge a gap between a pair of electrodes; 
fig. 3 schematically displays a set .. .humidities . 

Fig. I schematically shows a chemiresistor, which has a sensor medium 
comprising one -dimensional nanoparticles (nanobelts) as a sensitive 
material. On a substrate I are placed interdigitated electrodes 2. The 
electrode structures 2 are covered by a sensor fflm, which is formed of 
one-dimensional nanoparticles 3. A constant current may be applied to 
the leads of the electrodes 2 and. . .be detected by a detector (not 
shown) . 

Fig. 2 displays different arrangements of one -dimensional nanoparticles 
4 between a pair of electrodes 2. In fig. 2a a single one -dimensional 
nanoparticle 4 is bridging the gap between the pair of electrodes 2 . For 
simplicity only one one-dimensional nanoparticle is shown on the 
figure. Several particles can also be employed. In this arrangement, the 
analyte can modulate the conductivity along the one -dimensional 
nanoparticle by adsorption on its surface and/or by intercalation. The 
analyte can also influence the. . .with the particles changing the 
intrinsic conductivity of the one -dimensional particles. The 
one -dimensional nanoparticles can have a length much smaller than the 
gap size between a pair of electrodes. The onedimensional nanoparticles 
are then arranged in a random order to form a network of nanoparticles 
4 between a pair of electrodes 2 as shown in fig. 2b. Like in the... the 
interparticle contacts. In this arrangement the analyte enhances or 
reduces the conduction between the nanoparticles . The arrangement shown 



in fig. 2b is preferred when the analyte interacts with the interparticle 
contacts. Between individual one -dimensional nanoparticles 4 are formed 
voids, which provide an easy access of the analyte to the nanoparticle 
surface even when a sensor medium of a larger thickness is used. 

Fig. 3 schematically .. .were used to prepare sensor 7. 

c) Fabrication of sensors. 

1 5 The one -dimensional nanoparticles were deposited onto BK7 glass 
substrates supporting lithographically made interdigitated electrode 
structures. The electrode structures ... sensor (sensor 7) 
The fabrication procedure described under (c) was repeated but as 
one -dimensional nanoparticles were used silver doped vanadium pentoxide 
nanofibres obtained under (b) . Thereby a silver doped V205 ... displayed in 
fig. 3. Whereas sensors 1 and 2 have about the same sensitivity to 
ammonia (in absolute value), sensor 2 has. a sensitivity towards CO 
which is about 5 times larger than for sensor 1. By combining these two 
sensors it is therefore possible to distinguish NH3 and CO. Sensor 3 
is less sensitive to ammonia than sensors I and 2, but is more 
sensitive to H2. This makes this sensor more suitable for applications 
where detection of hydrogen is required. 

h) Influence of doping level 

Silver doped vanadium pentoxide sensors l...Rlni Of + 1. 0 % and +1. 3, 
respectively. This demonstrates that the response of the sensor can be 
modified by varying the doping level. 

i) Sensitivity of silver doped vanadium pentoxide sensors toward NH3 
Sensor 7 was exposed to 360 ppb ammonia . The response of the sensor 

is displayed in fig. 6. The sensor displayed a fast response of AR/Rini 
- 1.6 % within 120 seconds. This demonstrates that the sensor is 
sensitive to very low concentrations of ammonia giving a fast response 
and a short recovery period. At higher ammonia concentrations an 
increased response of the sensor is obtained as is obvious from the 
sensitivity isotherm displayed in fig. 7. 

k) Sensitivity. . . 

Claim 

... a substrate, a sensor medium formed on the substrate, the sensor 
medium comprising one -dimensional nanoparticles , wherein the 
one -dimensional nanoparticles essentially consist of a semiconducting 
A,, By compound, wherein the semiconducting A, , By compound is...O. 

7 Chemical sensor device according to one of the preceding claims, 
wherein the onedimensional nanoparticles are f filed. 

8 Chemical sensor device according to one of the preceding claims, 
wherein the onedimensional nanoparticles have a rectangular cross 
section. 

9 Chemical sensor device according to one of the preceding claims, 
wherein the onedimensional nanoparticles are provided in the form of a 
bundle . 

10 Chemical sensor device according to one of the preceding claims, 
wherein the onedimensional nanoparticle further comprises a dopant. IL 
Chemical ...one of claims 10 to 13, wherein the dopant is intercalated 
within the one -dimensional nanoparticle and/or is adsorbed on the 



surface of the one -dimensional nanoparticle . 

15 Chemical sensor device according to one of the preceding claims, 
wherein the sensor medium additionally comprises second nanoparticles 
different from the onedimensional nanoparticles . 

16 Chemical sensor according to claim 15, wherein the second 
nanoparticles have an 

approximately spherical shape. 

17 Chemical sensor device according to claim 15 or 16, wherein the second 
nanoparticle essentially consists of a metal. 

18 Chemical sensor device according to one of the preceding. . .preceding 
claims, wherein the sensor material comprises at least I individual of 
said one -dimensional nanoparticles bridging a gap between two 
electrodes provided on the substrate. 2 1. Chemical sensor device... the 
following steps: 

a) providing a substrate having a substrate surface; 

b) providing one -dimensional nanoparticles essentially consisting of a 
1 5 semiconducting A,, By compound as defined in claim 1; 

c) coating the substrate surface with the one -dimensional nanoparticles 
thereby obtaining a sensor medium; 

d) providing detection means for detecting a change of a one -dimensional 
nanoparticles are aligned on the substrate surface. 

25 Method according to claim 23 or 24, wherein the one-dimensional 
nanoparticles are fixed to the substrate surface by a bifunctional 
ligand which is linked to the substrate surface by a first functional 
group and to the one -dimensional nanoparticle surface by a second 
functional group. 

26 Method according to one of claims 23 to. . . 
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English Abstract 

The present invention provides novel compositions of binding moiety- 
nanoparticle conjugates, aggregates of these conjugates, and novel 
methods of using these conjugates, and aggregates. The nanoparticles in 
these conjugates can be magnetic metal oxides, either monodisperse or 
polydisperse . Binding moieties can... 

French Abstract 

...trait a de nouvelles compositions de conjugues constitues d'une 
fraction de liaison et de nanoparticules , a des agregats de ces 
conjugues et a de nouveaux procedes d 1 utilisation de ces conjugues et 
agregats. Les nanoparticules presentes dans ces conjugues peuvent etre 
des oxydes metalliques magnetiques, monodisperses ou polydisperses . Les 
fractions . . . 

Detailed Description 

Magnetic- Nanoparticle Conjugates and Methods of Use 
CROSS-REFERENCE TO RELATED APLICATION 
This application claims the benefit... 

...is incorporated herein by reference in its entirety. 

TECHNICAL FIELD 

This invention relates to magnetic nanoparticle conjugates and methods 
of use. 

BACKGROUND 

Magnetic particles are widely used reagents . for the purification... 
particle; their effects on water relaxation rate are unspecified and not 
relevant to their application. Nanoparticles do not respond to the 
weak, magnetic fields of hand held magnets. 

Magnetic particles have... from T2 . 

In another example, WO 01/19405 describes the preparation and uses of 
magnetic nanoparticles with various biomacromolecules attached. 
SUMNLARY 

The present invention provides new magnetic conjugates and methods for 
their synthesis and use. Each conjugate comprises a magnetic 



nanoparticle linked to a binding moiety that specifically binds to a 
target in a sample, such... and, in some aspects of the invention, at 
least two populations of the binding moiety- nanoparticle conjugates. 

2 Each conjugate in a population has a plurality, e.g., two, three, four, 
or more, of a single type of binding moiety attached to a nanoparticle . 
The nanoparticle is composed of a magnetic metal oxide and 
included, they contain functional groups that enable the binding moiety 
to be attached to the nanoparticle to form the conjugate. The polymer 
can be a natural polymer, a synthetic polymer, a... 

. ..carboxy, amino, or sulffiydryl groups. In some embodiments, the binding 
moiety is attached to the nanoparticle through disulfide groups. The 
metal oxides can also be associated with non-polymer fimetional I 0 
groups to form the nanoparticles . 

In one aspect of the invention, a population of conjugates (or a mixture 
of two. . .contains 

superparamagnetic iron oxide crystals. The superparaniagnetic character 
of the iron oxide of - 3 the nanoparticle makes it a potent enhancer of 
water relaxation rates, an enhancement ...invention features an 
aggregate including a plurality of conjugates, wherein each conjugate 
includes a magnetic nanoparticle linked to a binding moiety that 
specifically binds to a target molecule, to another binding... 
specifically bind to a target molecule, wherein each conjugate in the 
first population comprises a nanoparticle including a magnetic metal 
oxide (e.g., a superparaniagnetic metal oxide) linked to a plurality... 
site on the target molecule, and wherein each conjugate in the second 
population comprises a nanoparticle comprising a magnetic metal oxide 
linked to a plurality of second binding moieties that bind... 

. . .target molecule. 

These compositions can include conjugates that further include functional 
groups that link the nanoparticles to the binding moieties. The 
functional groups can be amino, carboxy, or sulffiydryt groups. 
Alternatively, the conjugates can further include a polymer associated 
with the nanoparticles , and wherein the functional groups are bound to 
the polymer and to the 5 binding ... covalent bond or by a disulfide bond. 
For example, oligonucleotides can be attached to the nanoparticles by a 
single covalent bond at the 3* or 5' end of each oligonucleotide. 
In...R2 relaxivity between about 15 and I 00 mM-1 sec In particular 
embodiments, the nanoparticle is an ainino-derivatized cross-linked 
iron oxide nanoparticle . 

In another aspect, the invention features a conjugate including a 
magnetic nanoparticle linked to a first binding moiety, wherein the 
first binding moiety includes a cleavage ...target molecule to form an 
aggregate, wherein each conjugate in the first population includes a 
nanoparticle that includes a magnetic metal oxide linked to a plurality 
of ...site on the target molecule, and wherein each conjugate in the 
second population includes a nanoparticle including a magnetic metal 
oxide linked to a plurality of second binding moieties that bind... are 
capable of forming an aggregate, wherein each conjugate in a first 
population includes a nanoparticle including a magnetic metal oxide 
linked to a first binding moiety, wherein the first binding. . .and second 
populations of oligonucleotidenanoparticle conjugates, wherein each 
conjugate in the first population includes a nanoparticle having 
functional groups; and a plurality of first oligonucleotides attached to 
the ftinctional groups on the nanoparticle ; and wherein each conjugate 



in the second population includes a nanoparticle having a metal oxide 
associated with a polymer having functional groups; and a plurality of 
second oligonucleotides attached to the functional groups on the 
nanoparticle ; wherein the - 8 first and second oligonucleotides are each 
complementary to first and second portions .as a nucleic acid or 
polypeptide) from a sample by obtaining a conjugate including a 
nanoparticle having a magnetic metal oxide linked by a cleavable bond 
(e.g., a reducible disulfide .purification of nucleic acids or materials 
hybridizing to nucleic acids. The conjugates can be oligonucleotide- 
nanoparticle conjugates having a reducible disulfide bond to couple the 
oligonucleotides to the nanoparticles , and as a result reducing agents 
can separate the oligonucleotides from the nanoparticles at a desired 
time. Materials bound to the oligonucleotide portion of these 
oligonucleotide nanoparticle 1 0 conjugates, such as double -stranded 
nucleic acids, can be obtained by the use ... nucleic acid in a plurality 
of samples, by obtaining first and second populations of oligonucleotide- 
nanoparticle conjugates, wherein each conjugate in the first population 
includes a nanoparticle having a magnetic metal oxide associated with a 
polymer having functional groups; and a plurality of first 
oligonucleotides attached to the functional groups on the nanoparticle , 
and wherein each conjugate in the second population includes a 
nanoparticle having a metal oxide associated with a polymer having 
functional groups; and a plurality of second oligonucleotides attached to 
the functional groups on the nanoparticle ; wherein the first and second 
oligonucleotides are each complementary to first and second portions of 



...in the other populations; preparing a mixture of the first and second 
populations of oligonucleotide- nanoparticle conjugates; obtaining a 
plurality of fluid samples; contacting a portion of the mixture with each 
...the samples to hybridize to the first and second oligonucleotides of 
both populations of oligonucleotide- nanoparticle conjugates; and 
simultaneously obtaining the relaxation properties of the fluid in each 
of the plurality ... administering to the subject at least one population 
of conjugates, wherein each conjugate includes a nanoparticle having a 
magnetic metal oxide linked to a binding moiety that specifically binds 
to the... levels of mRNA in cells using a mixture of populations of 
superparamagnetic oligonucleotide- ' iron oxide nanoparticle conjugates 
and NM imaging. When the conjugates react with a target, e.g., mRNA, the 



...array format. In yet another embodiment, the invention features a method 
in which the oligonucleotide- nanoparticle conjugates and an MR detector 
are . . . scheme in which 

alkanethiooligonucleotides were reacted with N-succinimidyl 
3- (2-pyridyldithio) propionate (SPDP) activated nanoparticles to form 
nanoparticle conjugates PI and P2 . P 1 and P2 1 0 hybridize with 
complementary oligonucleotides followed by aggregation and magnetic 
relaxivity changes. Dithiothreitol (DTT) treatment breaks the bond 
between nanoparticle and alkanethiooligonucleotide . 

FIGs. 2A to 2D are images of test tubes illustrating the effect of 
incubating oligonucleotide- nanoparticle conjugates with 
oligonucleotides. From left to right,. 2A: PI and P2 ; 213: PI, P2 plus... 

. . . arrows . 

FIGs. 3A and 3B are images of gel electrophoresis of a 

Pl/P2/oligonucleotide nanoparticle precipitate. FIG. 3A shows a gel ran 
in non-denaturing conditions. Lane 1: No DTT. . .values of a turbid medium 



(INTRALIPIDS) after a complementary oligonucleotide is added to an 
oligonucleotide nanoparticle conjugate mixture, PI and P2 . DTT was 
added after 180 minutes. 

FIG. 7 is an. . .with total RNA extracted from various cell lines. FIG 9B 
is an image of the nanoparticle conjugates with lysed cells from WT or 
GFP + human glioma lysate two hours foil owingl OA is a graph 
illustrating the incubation of anti-GFP-P 1 nanoparticle conjugates 
with GFP or BSA protein resulting in a significant decrease in T2 . FIG. 1 
...or polysaccharide) linked, e.g., covalently or non-covalently, to a 
magnetic, e.g., superparamagnetic, nanoparticle . The binding moiety 
causes a specific interaction with a target molecule (or, ...the 
spin- spin relaxation time (T2) of adjacent water protons in an aqueous 
solution. 

Nanopartieles 

Nanoparticles can be monodisperse (a single crystal of a magnetic 
material, e.g., metal oxide, such as superparamagnetic iron oxide, per 
nanoparticle ) or polydisperse (a plurality of crystals, e.g., 2, 3, or 
4, per nanoparticle ) . The magnetic metal oxide can also comprise 
cobalt, magnesium, zinc, or mixtures of these metals... 

...superparamagnetic compounds and magnetite, gamma ferric oxide, or 
metallic iron. Important features and elements of nanoparticles that 
...can be covalently attached, (iii) a low non-specific binding of 
interactive moieties to the nanoparticle , and (iv) stability in 
solution, i.e., the nanoparticles do not precipitate. 

- 14 In all embodiments, the nanoparticles are attached (linked) to the 
binding moieties via functional groups. In some embodiments, the 
nanoparticles are associated with a polymer that includes the functional 
groups, and also serves to keep ... other, or that are individually 
entrapped or surrounded by the polymer. 

In other embodiments, the nanoparticles are associated with 
non-polymeric- functional group compositions. Methods are known to 
synthesize stabilized, f anctionalized nanoparticles without associated 
polymers, which are also within the scope of this invention. 

Such methods are described, for example, in Halbreich et al . , Biochilnie, 
80 (5-6) :379-90, 1998. 

The nanoparticles have an overall size of less than about I - 1 OOnm. 
The metal oxides are... e.g., about 5 to 20 mn thick or more. The overall 
size of the nanoparticles is about 15 to 200 run, e.g., about 20 to 100 
run, about 40... that the nalloparticles can be prepared, but in all 
methods, the result must be a nanoparticle with functional groups that 
can be used to link the nanoparticle to the binding moiety. 

For example, oligonucleotide binding moieties can be linked to the metal 

...a functionalized polymer or to lion-polymeric surf acef unctionalized 
metal oxides. In the latter method, the nanoparticles can be 
synthesized according to the method of Albrecht et al., Biochimie, 80 
(5-6... made using oligonucleotides that have terminal amino, sulfliydryl, 
or phosphate groups, and superparamagnetic iron oxide nanoparticles 
bearing amino or carboxy groups on a hydrophilic polymer. There are 
several methods for synthesizing carboxy and amino 

derivatized-nalloparticles . Methods tor synthesizing functionalized, 



coated nanoparticles are discussed in ftirther detail below. 



Carboxy functionalized nanoparticles can be made, for example, 
according to the ineillod of Gonnan (see WO 00/61191 ... to attach carboxyl 
groups. In addition, carboxy-f anctionalized particles can be made from 
amino- functionalized nanoparticles by converting amino to carboxy 
groups by the use of reagents such as succinic anhydride or maleic 
anhydride . 

Nanoparticle size can be controlled by adjusting reaction conditions, 
for ...or gel filtration, as described, for example in U.S. Patent No. 
5,492,814. 

Nanoparticles can also be synthesized according to the method of Molday 
(Molday, R. S. and D aldehyde -containing nanoparticles can then be 
reacted with a diamine (e.g., ethylene diamine or hexanediamine) , which 
will. . . 

. ..Schiff base, followed by reduction with sodium borohydride or sodium 
cyanoborohydride . 

I 0 Dextran-coated nanoparticles can be made and cross-linked with 
epichlorohydrin . 

The addition of ammonia will react with epoxy groups to generate ainine 
groups, see Hogemann, D. , et al . , Improvement ofMRIprobes to allow 
efficient detection of gene expression Bioconjug. Chem. 2000. 
ll(6):941-6, and Josephson et al . , "High-efficiency. . .when functionalized 
with amine is referred to as amine-CLIO or NH2-CLIO. 

Carboxy-functionalized nanoparticles can be converted to 

amino- functionalized magnetic particles by the use of water-soluble 

carbodiimides . . . 

...diamines such as ethylene diamine or hexane diamine. 

Avidin or streptavidin can be attached to nanoparticles for use with a 
biotinylated binding moiety, such as an oligonucleotide or polypeptide. 
See e . . . 

...acinar cells, " Bioconjug. 

Chem., 1996, 7(3):311 Similarly, biotin can be attached to a 
nanoparticle for use with an avidin- labeled binding moiety. 

In all of these methods, low molecular weight compounds can be separated 
from the nanoparticles by ultra-filtration, dialysis, magnetic 
separation, or other means. The unreacted oligonucleotides can be 
separated from the oligonucleotide- nanoparticle conjugates, e.g., by 
magnetic separation or size exclusion chromatography. 
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Binding Moieties 

The binding. .. solution. 

Oligonucleotide Binding Moieties 

In certain embodiments, the binding moieties are oligonucleotides, 
attached to the nanoparticles using any one of a variety of . . .bond, 
e.g., at the 3' or 5' end to a functional group on the nanoparticle . 
The new conjugates are useful in various types of MR applications, 



including but not limited. . .of the new in vitro assay methods uses at 
least two populations of 

oligonucleotide magnetic nanoparticles , each with strong effects on 
water relaxation (see Table 2) . As the oligonucleotide- nanoparticle 
conjugates react with ...the relaxation properties of the solvent, which 
are altered when the mixture of magnetic oligonucleotide nanoparticles 
reacts with a target nucleic acid to form aggregates . 

A feature of the analytical method of magnetic metal oxide nanoparticles 
, each with a specific sequence of oligonucleotide, and each with more 
than one copy of the oligonucleotide attached, e.g., covalently, per 
nanoparticle . The assay protocol involves preparing a mixture of 
populations of oligonucleotide-nalioparticle conjugates and reacting I 0 
the mixture with a target nucleic acid. Alternatively, oligonucleotide - 
nanoparticle conjugates can be reacted with the target in a sequential 
fashion. A second feature of ... synthesized by methods known in the art, 
and used in conjunction with an avidin-bound nanoparticle . 

Polyppptide Binding Moieties 

In certain embodiments, the binding moiety is a polypeptide (i.e., a... 
Similar bifimetional conjugation reagents, such as SPDP and reacting with 
the amino group of the nanoparticle and thiol group of the polypeptide, 
can be used with any thiol bearing binding moiety ... low. For example, up 
to twenty 2 l;Da peptides can be attached to a nanoparticle , calculated 
assuming 2064 iron atoms per nanoparticle . With larger binding moieties 
like proteins (generally greater than about 3 0 kDa) the same mass of 
attached polypeptide results in only approximately 1-4 binding moieties 
per nanoparticle . Second, polypeptides can be engineered to have 
uniquely reactive residues, distal from the residues required for 
biological activity, for attachment to the nanoparticle . The reactive 
residue can be a cysteine thiol, an N-tenninal amino group, a C...or an 
ectodomain of a cell surface protein. In each case, the resulting binding 
moiety- nanoparticle is used to measure the presence of analytes in a 
test media reacting with the... a covalent bond, at one of the two -ends, 
to a functional group on the nanoparticle . The polysaccharides can be 
synthetic or natural. 

Mono-, di-, tri- and polysaccharides can be used attachment chemistry to 
the nanoparticle . 

A generally useful method of accomplishing linking is to couple avidin to 
a magnetic nanoparticle and react the avidin- nanoparticle with 
commercially available biotinylated polysaccharides, to yield 
polysaccharide- nanoparticle conjugates. For example, sialyl Lewis based 
polysaccharides are commercially available as biotinylated reagents and 
will. . .chromatography. 

Polysaccharides can also be synthesized and are commercially available. 

Coupling of Binding Moieties to Nanoparticles to Prepare Conjugates 
The conjugates are prepared by linking two or more binding moieties to 
each magnetic nanoparticle . A general procedure for synthesizing 
amino-cross linked iron oxide nanoparticle begins with the synthesis of 
a dextran coated superparamagnetic iron oxide. 

There are a variety. . .or exhaustive ultrafiltration using a membrane with 
a 10 kDa cutoff. 

CoLipling of Oligonucleotides to Nanoparticles 

The invention provides for preparing oligonucleotides with reactive 3 1 , 



5 ' , or both termini . One terminus is attached to the surface of the 
nanoparticle , leaving the other tenninus free for attachment to another 
molecule, e.g., a biotin group ... reagents that can be used to couple I 0 
oligonucleotides to amino- or carboxy-functionalized nanoparticles . The 
general strategy is to provide an oligonucleotide with a unique reactive 
group on the . . . 

..end are of particular value, and are commercially available. They can be 
coupled to amino- nanoparticles through the use of reagents such as 
N-succinimidyl 3- (2pyridyldithio) propionate (SPDP) and long chain SPDP 
(Ic-SPDP) that produce a cleavable disulfide bond between the 
nanoparticle and the oligonucleotide. Amino- nanoparticles can also be 
reacted with reagents such as succinimidyl-iodoacetate to produce 
non-cleavable bonds between the nanoparticle and oligonucleotide. 

25 Table 1: Functional Groups and Strategies for coupling 
oligonucleotides to nanoparticles 

Oligonucleotide Nanoparticle Coupling Chemistry Cleavable 
Terminal Group Functional Group 
Sulfhydryl Amino SPDP, lc-SPDP Yes 
(1c, long. . . 

. . Carboxyl CDI No 
(carbodiimide) 
Phosphate Amino CDI No 

Biotin Avidin Not applicable Not applicable 

Thus, nanoparticles can be conjugated to oligonucleotides through a 
variety of conjugation chemistries. See U.S. Patent .. .using coupling 
chemistries as shown, for example, in Table 1. 

hi other embodiments, populations of nanoparticle conjugates can be 
synthesized by 1 0 allowing biotinylated oligonucleotides, polypeptides, 
or polysaccharides, to react with avidin (or streptavidin) -bound 
nanoparticles . Here a non-covalent , but tight, bond between the 
biotinylated binding moiety, e.g., oligonucleotide, and avidin of the 
nanoparticle attaches the oligonucleotide to the nanoparticle . 
Oligonucleotide- nanoparticle conjugate populations prepared in this 
fashion are analogous to those prepared with covalent chemistries (Table 
...the formation of aggregates and changes in T2 . In this case, two 
populations of oligonucleotide- nanoparticle conjugates are formed when 
the avidinnanoparticle is reacted with two biotinylated oligonucleotides. 
An advantage of . . . 

..that react with a target oligonucleotide are far smaller, and hence 
react faster, than oligonucleotide- nanoparticle conjugates. 
Biotiiiylated-oligonucleotides have molecular weights less than 50 kDa, 
while oligonucleotide- nanoparticle conjugates have molecular weights 
greater than about 1000 kDa (e.g., 1000, 2000, 3500, 5000... 

..reactive 3', 5', or both termini. One end is linked to the surface of 
the nanoparticle , leaving the other end free for attachment to another 
molecule, e.g., a biotin group or another tag. 

The conjugation of polypeptides to nanoparticles can be accomplished by 
a large number of conjugation chemistries and reagents some of which are 
also used for attaching oligonucleotides to nanoparticles , see Table 1. 
A preferred general strategy is to use one of the large number of 
bifimctional agents that can be reacted first with the amino group of the 

nanoparticle , and secondly with the thiol group of the polypeptide (or 
biomolecule) . 



Examples of such bif unctional . . .The bifunctional agent is dissolved in 
DMSO and reacted in excess with the amino f unctionalized nanoparticle 
at pH 8 using a non-amine containing buffer (e.g., borate, phosphate). 
Unreacted bifunctional. . . 

..Tat peptide conjugates, Bioconjuggte Chemishy, 10, 186-91; Perez et al . 
(2002) DNA-based magnetic nanoparticle assembly acts as a magnetic 
relaxation nanoswitch allowing screening of DNA-cleaving agents, Journal 
of... 

..synthesized by allowing a biotinylated antibody or antibody fragment to 
react with avidin (or streptavidin) nanoparticles . Here a non-covalent , 
but tight, bond between the biotinylated antibody and avidin of the 
nanoparticle attaches the antibody to the nanoparticle . 

In another embodiment, a natural or synthetic polypeptide is covalently 
or noncovalently attached to the nanoparticle while the other tenninal 
is biotinylated. 

In one aspect of the invention, both ends of the polypeptide are 
biotinylated and avidin is directly attached to the nanoparticle . 

In another embodiment, both termini of the peptide are covalently or 
non-covalently attached to two nanoparticles . 

CoLipling of Polysaccharides to Nanoparticles 

The invention provides for preparing polysaccharides with reactive ends. 
One end is attached to the surface of the nanoparticle , leaving the 
other end free for attachment to another molecule. For example, as 
described above . . . 

..the polysaccharide can be biotinylated on both termini and exposed to 
avidin linked to a nanoparticle . 

28 

Characterizing Conjugates 

The conjugates can form several conformations, or "states," in solution. 
The f irst. . .contains 2 to about 20 (e.g., 3, 5, 7, 10, 15, or 20) 
individual nanoparticle conjugates held together by the interaction 
(e.g., binding) of the binding moiety with a target, or with another 
binding moiety. The association of the nanoparticles is mediated by the 
attached bioniolecules and not by nanoparticle nonl 0 specific 
attractions. This aggregate is approximately 100-500 Inin (e.g., 200, 250 
. . .mesh. The size of the openings can be controlled by adjusting the size 
of the nanoparticles and the size of the binding moieties on each 
conjugate. The small ...cluster, which is, in effect, an aggregate of 
aggregates. The cluster contains greater than 20 nanoparticles and is 
greater than 500 Dm in size. The cluster is not useful since it typically 
clumps and falls out of solution. 

The nanoparticle conjugates can be used as magnetic nanosensors or 
magnetic relaxation switches (MRS) in various detection. . .non-degradable 
oligonucleotide analogs (e.g., peptide nucleic acid or PNA) may be 
coupled to nanoparticles and used to image sequences of nucleic acids 
in vivo. 

Nontoxicity is evident from the use of magnetic nanoparticles as the 
active ingredient of I 0 C0MBIDEX6, a nanoparticle -based MR contrast 
agent, which has been judged approvable by the FDA (January 1999) . 
COMBIDEX8 examples described herein consists of monodisperse or 
polydisperse, fluid-phase nanoparticles containing superparamagnetic 



Fe203/Fe304 (3-5 run) , caged by epichlorohydrin cross-linked dextran, and 
functionalized. . .hybridization conditions are established by methods well 
known in the art. Hybridization of the oligonucleotide- nanoparticle 
conjugates to the target nucleic acids is typically performed under 
moderate to high stringency conditions the oligonucleotide- nanoparticle 
conjugates and those of the target oligonucleotide or nucleic acid being 
detected. These techniques and. . .oligonucleotide and the faster one of a 
mixture of 3' and 5' oligonucleotides. 

- 31 The nanoparticles PI and P2 are potent ...mean + SD, n 6. 

The effect of temperature cycling on the hybridization of the 
oligonucleotide nanoparticle was investigated by measuring changes in 
T2 values (FIG. 5). At 80'C, hybridization was ... representative T2 
changes were observed. Furthermore, upon addition of DTT, 
oligonucleotides were cleaved from the nanoparticles and T2 did not 
change during further temperature cycling. These results indicate that 
oligonucleotide hybridization. . . 

. . .are fully reversible through the use of DTT. 

Selectivi 

A unique feature of the magnetic nanoparticles is that they are highly 
stable to temperature fluctuations and to different ionic media. This... 
binding to target molecules and form aggregates as described further 
herein. 

Uses of Dindina Moiety- Nanoparticle Conjugates 

The new conjugates can be used in two broad applications. In one 
application, the... of important ways. @ 

First, HYRAS involves the assay of nucleic acids using superparamagnetic 
iron oxide nanoparticles , and is based on the observation that nucleic 
acids do not non-specif ically adsorb to. . .which contain a multiplicity of 
phosphate groups, do not interact nonspecif ically with the iron oxide 
nanoparticles . 

Second, to produce the needed aggregation of nanoparticles by a 
specific target nucleotide, two types of oligonucleotide- nanoparticles 
are needed, each with a single type of oligonucleotide attached, each 
reacting with a different. . . 

...target complementary oligonucleotide (see FIG. 1). If two different 
oligonucleotides were coupled to the sample nanoparticle , the target 
nucleic acid would hybridize to the oligonucleotides on the same particle 
and no... 4 of U.S. Patent No. 5,164,2 97. In contrast, in HYRAS, when 
oligonucleotide- nanoparticles react with a target . . .gold based 
colorinietric assays described in WO 98/04740. In one method using the 
gold nanoparticles , the color change is determined in solution, which 
requires a non- ...In the present invention, neither separation nor 
amplification steps are used. Instead, the presence of nanoparticle 
aggregate is detected by NM. The invention can be distinguished by the 
ability to "see... CLIO, as described herein. Alternatively, non-polymer 
coated iron oxide particles can be used. The nanoparticles are then 
coupled to specific oligonucleotides as shown, e.g., in FIG. 1. The 
resulting oligonucleotide- nanoparticle conjugates are then formulated 
in a physiologically acceptable media (e.g., ...the mRNA of interest and 
is bound at the 3 • or 5 1 tennini to the nanoparticle . A second 
conjugate is synthesized . . .below. 

Here a microtiter plate is prepared where each well contains different 
combinations of oligonucleotide- nanopar tides , i.e., combinations of 



oligonucleotides with different sequences attached to the same magnetic 
nanoparticle . The sequences of the oligonucleotides are chosen to permit 
hybridization, followed by aggregation and T2 . . . 

...in a sample. In this method, antibodies are linked covalently or 

non-covalently to the nanoparticle . To ensure that the antigen binding 
site is exposed, the C-tenninus of the antibody or antibody fragment is 
attached to the nanoparticle . Monoclonal antibodies can be used for 
this method. A feature of this method is the need for a mixture of at 
least two types of nanoparticles , each with a specific binding moiety, 
e.g., monoclonal antibody attached. The antibodies are directed... 

. . .T2 . 

In another aspect of the invention, a polyclonal, antibody can be 
attached to the nanoparticle . Since by definition these antibodies are 
multivalent, only a ...g., an antibody, in solution, hi this assay, the 
antigen will be bound to the nanoparticle and placed into a sample. If 
an antibody directed to the antigen is present, binding... In another 
embodiment, the binding moiety can be a receptor-binding protein bound to 
the nanoparticle . When applied to a solution of cells, clustering of a 
cell surface receptor will result... A peptide sequence with a serine or 
tyrosine kinase recognition site is attached to a nanoparticle at one 
terminal end. 

Addition of a solution containing a kinase will result in the... target 
molecules in a sample solution. The assay is based on the attachment to 
the nanoparticle of a natural or synthetic peptide that has an internal 
enzymatic site. Biotin is attached. .. internal hydrolytic sequence can 
have biotin attached to both termini. Avidin is attached to the 
nanoparticles and mixed with the biotinylated peptide in a sample. Since 
one avidin molecule binds f our ... decreased T2 . 

In another aspect of the invention, immediate aggregation is induced by 
attaching a nanoparticle to both termini of the peptide. The conjugate 
is placed in the sample and the... can fonn a dam methylation site (GATC) . 

The hybridization results in aggregation of the attached nanoparticle 
and a measurable decrease in T2 . Upon contact with a methylase, the 
adenine and cytosine ... restriction site (e.g., EcoRI, BamHI, Pvu] [1) . 
Hybridization of the oligonucleotides also aggregates the nanoparticles 
attached to the oligonucleotides resulting in a decreased T2 . In this 
case, the - 41 presence described in the claims. 

Exgmple 1: Synthesis of SLipgparamagnetic Iron Oxide Nanoparticles 
Biocompatible, fluid phase magnetic nanoparticles (NH2-CLI0) were 
synthesized as described and reacted with N-succinimidyl 
3- (2 -pyridyldithio) propionate. . .were synthesized using standard 
phosphoramidite chemistry (underlined bases will hybridize) . 

Exg,mple 3: Copjugation of Nanoparticles to Alkanethiol ...of 
conjugates was determined by light scattering (Coulter N4, Hialeah, FL) . 

Exgmple 5: Use of Nanoparticle Colijugates in Turbid Media 

Equimolar amounts in iron of oligonucleotide- nanoparticle conjugates 

denoted PI and P2 were diluted in a 1 0% Fat Emulsion (Intralipidg 10... 
turbid media. 

Exqm rrgy Based Ass 
.-pie 6: A 



Equimolar amounts in iron of oligonucleotide- nanoparticles denoted PI 
and P2 were, diluted with 1 M NaCl in 0. 1 M sodium. . .drops because T2 
drops. This is due to a hybridizationinduced formation of aggregates 
between oligonucleotide- nanoparticle . No binding occurs with 
non- complementary targets, and thus, there is no change in T2...and the 
mixture was incubated for 3.5 hours at room temperature. The avidin- CLIO 

nanoparticle was separated from unreacted avidin using a magnetic 
separation column (Miltenyi Biotec, Auburn, CA) . Iron... 

...determined spectrophotometrically, and protein by the BCA method 
(Pierce) . The number of avidins attached per nanoparticle was 
calculated using a molecular weight of 67 kDa for avidin and 2064 Fe 
atoms... 46 Exqmple 9: AssU for Protein (GFP) Using a BiotiUlated 
Polyclonal Ant i -GFP Avidin-CLIO nanoparticles made as described above 
were reacted with biotinylated polyclonal anti-GFP (Research Diagnostics 
Inc.) and. . . CTC - CTA- GGATC - CGC -ATT - (CH2)3-SH 

(SEQ ID NO: 17) were conjugated to nanoparticles as described in 
Example 3. The resulting - 47 conjugates (Magnetic Relaxation Switches, 
MRS), denoted PI... After a one-hour incubation with BaniHI, the 
aggregates were no longer present and monodisperse nanoparticle 
conjugates (50-60 run) were observed instead (FIG. 12b) . 

Example 12: Protein Assgy Using Monoclonal Antibody-Nangparticle 
Conjugates Monoclonal antibodies can be coupled to polymer coated 
magnetic nanoparticles using a variety of chemistries (see, e.g., 
Weissleder et al., U.S. Patent No ... treatments with periodate . 
4 8 In this assay format a PI (first monoclonal attached to a 
nanoparticle ) and P2 (second monoclonal attached to a nanoparticle ) 
are synthesized in separate reactions. The target protein must contain 
epitopes for both monoclonals, so... 

...in solution, the monoclonal antibodies will bind both epitopes on the 
antigen, thereby aggregating the nanoparticles , resulting in a decrease 
of T2. 

OTHEREMBODIMENTS 

It is to be understood that while the... 
Claim 

1 - An aggregate comprising a plurality of conjugates, wherein each 
conjugate comprises a magnetic nanoparticle linked to a binding moiety 
that specifically binds to a target molecule, to another binding... 
specifically bind to a target molecule, wherein each conjugate in the 
first population comprises a nanoparticle comprising a magnetic metal 
oxide linked to a plurality of first binding moieties that bind. . . 

...site on the target molecule, and wherein each conjugate in the second 
population comprises a nanoparticle comprising a magnetic metal oxide 
linked to a plurality of second binding moieties that bind ...The 
composition of claim 14, wherein the conjugates further comprise 
functional groups that link the nanoparticles to the binding moieties. 

16 The composition of claim 15, wherein the functional groups are... 

...The composition of claim 15, wherein the conjugates further comprise a 
polymer associated with the nanoparticles , and wherein the fimctional 
groups are bound to the polymer and to the binding moieties .. .are 
oligonucleotides . 

25 The composition of claim 24, wherein the oligonucleotides are attached 
to the nanoparticles by a single covalent bond at the 3' or 5 1 end of 



each oligonucleotide. 



26. . . 
. . .antibodies . 

28 The composition of claim 14, wherein the plurality is three binding 

moieties per nanoparticle . 

52 

. The composition of claim 14, wherein the magnetic metal oxide is a 
superparamagnetic metal .. .between about 15 and 
100 mm-, sec 

35 The composition of claim 14, wherein the nanoparticle is an 
amino-derivatized cross -linked iron oxide nanoparticle . 

36 A conjugate comprising a magnetic nanoparticle linked to a first 
binding moiety, wherein the first binding moiety comprises a cleavage 
site ... target molecule to form an aggregate, wherein each conjugate in 
the first population comprises a nanoparticle comprising a magnetic 
metal oxide linked to a plurality of first binding moieties that bind. . . 

...site on the target molecule, and wherein each conjugate in the second 
population comprises a nanoparticle comprising a magnetic metal oxide 
linked to a plurality of second binding moieties that bind... are capable 
of forming an aggregate, wherein each conjugate in a first population 
comprises a nanoparticle comprising a magnetic metal oxide linked to a 
first binding moiety, wherein the first binding. target molecule in a 
sample, the 
method comprising 

obtaining first and second populations of oligonucleotide- nanoparticle 
conjugates, wherein each conjugate in the first population comprises a 
nanoparticle having a magnetic metal oxide associated with a polymer 
having functional groups; and a plurality of first oligonucleotides 
attached to the fimctional groups on the nanoparticle ; and wherein each 
conjugate in the second population comprises a nanoparticle having a 
metal oxide associated with a polymer having functional groups; and a 
plurality of second oligonucleotides attached to the functional groups on 
the nanoparticle ; wherein the first and second oligonucleotides are 
each complementary to first and second portions of... in the other 
populations; preparing a mixture of the first and second populations of 
oligonucleotide 

nanoparticle con j ugates ; 
obtaining a fluid sample; 

contacting the mixture with the sample under conditions that enable... 
purifying a target molecule from a sample, the method comprising 
obtaining a conjugate comprising a nanoparticle comprising a magnetic 
metal oxide linked by a cleavable bond to a binding moiety that... in a 
plurality of samples, the method comprising 

obtaining first and second populations of oligonucleotide- nanoparticle 
conjugates, wherein each conjugate in the first population comprises a 
nanoparticle having a magnetic metal oxide associated with a polymer 
having functional groups; and a plurality of first oligonucleotides 
attached to the functional groups on the nanoparticle , and wherein each 
conjugate in the second population comprises a nanoparticle having a 
metal oxide associated with a polymer having functional groups; and a 
plurality of second oligonucleotides attached to the functional groups 
on the nanoparticle ; wherein the first and second oligonucleotides are 
each complementary to first and second portions of . . . in the other 
populations; preparing a mixture of the first and second populations of 



oligonucleotide 

nanoparticle conjugates; 
obtaining a plurality of fluid samples; 
contacting a portion of the inixture with each... 

.the samples to hybridize to the first and second oligonucleotides of 
both populations of oligonucleotide- nanoparticle conjugates; and 
simultaneously obtaining the relaxation properties of the fluid in each 
of the plurality .. .administering to the subject at least one population 
of conjugates, wherein each conjugate comprises a nanoparticle having a 
magnetic metal oxide linked to a binding moiety 
that specifically binds to the... 
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devices, a variety of other implantable structures, such as wires, 
coils, sheets, pellets, particles, and nanoparticles , and the like, may 
be treated with the gas plasma containing molecular species composed of 



. . .9 4.21 2.8 4.6 2.5 2.2 
7- n.d. = not detected 

Stainless steel surfaces treated in a glow discharge of ammonia alone, 
that is without oxygen, did not have any detectable N2, although a 
pronounced Nl peak was found. 

Collectively, the data from the ESCA analysis of the surfaces exposed to 
ammonia /oxygen demonstrate that two types of chemical state of nitrogen 
are being deposited. 

EXAMPLE 13 
Stainless . . . 
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Detailed Description 

... In certain other embodiments, the conductive material is 
a conductive particle, such as a colloidal nanoparticle . As 
used herein the term " nanoparticle " refers to a conductive 
cluster, such as a metal cluster, having a diameter on the 
nanometer scale. Such nanoparticles are optionally stabilized 
with organic ligands. 

Examples of colloidal nanoparticles for use in accordance 
with the present invention are described in the literature. 

In this . . . 

. . .can optionally be a ligand that is attached to a central core 
making up the nanoparticle . These ligands i.e., caps, can be 
polyhomo- or polyhetero- functional ized, thereby being suitable 
for detecting a variety of chemical analytes . The 

nanoparticles , i.e., clusters, are stabilized by the attached 
32 



ligands. in certain embodiments, the conducting component of 
the resistors are nanoparticles comprising a central core 
conducting element and an attached ligand optionally in a 
polymer matrix. . . 

...2, various conducting 
materials are suitable for the central core. In certain 
preferred embodiments, the nanoparticles have a metal core. 

Preferred metal cores include, but are not limited to, Au, Ag, 
Pt, Pd, Cu, Ni, AuCu and regions thereof. Gold (Au) is 
especially preferred. These metallic nanoparticles can be 
synthesized using a variety of methods. In a preferred method 
of synthesis, a... of 

combinations of 10-20 polymers can be readily fabricated. 
51 

The resistors can include nanoparticles comprising a 
4 

central core conducting element and an attached ligand, with 
these nanoparticles dispersed in a semiconducting or 
conducting organic matrix. With reference to Table 2, various 
conducting materials are suitable for the central core. In 
certain embodiments, the nanoparticles have a metal core. 

Examples of metal cores include, but are not limited to, Au, 
Ag, Pt, Pd, Cu, Ni, AuCu and regions thereof. These metallic 
nanoparticles can be synthesized using a variety of methods. 

In one method of synthesis, a modification... 

. . .gold clusters having a core dimension 

of about 1 nm to about 100 nm. The nanoparticles range in 
size from about 1 nm to about 50 nm, but may also range... 

. . .ratio 

of HAuC14 to alkanethiol, it is possible to generate various 
sizes and dimensions of nanoparticles suitable for a variety 
of analytes . Although not intending to be bound by any 
particular. . . 

. . . ligand 

monolayer in a controlled fashion. Using this reaction, it is 
then possible to generate nanoparticles of exacting sizes and 
dimensions . 

In certain other embodiments, sensors are prepared as 
composites of "naked" nanoparticles and a semiconducting or 
conducting organic material is added. As used herein, the 
term "naked nanoparticles " means that the core has no 
covalently attached ligands or caps. A wide variety of . . . 1 
and 1 ppm and pristine emeraldine salt chemiresistive 
detectors have been reported to have detection thresholds of 1 
ppm to ammonia . Furthermore, the ES-DBSA(1 : 0 . 5) /CB responses 
were pseudo-reversible (see Figure 2 . . . in a conductive 
poly (3-hexylthiophene) 

containing gold salts as the counterion and Au (0) 
nanoparticles as the conductive filler. 



Poly (3 -hexyl thi ophene) /Pt 



Detector 5 - Similar to the. 



. . . in a 

conductive poly (3-hexylthiophene) containing platinum salts as 
the counterion and Pt (0) nanoparticles as the conductive 
filler. 

Charge transfer saltsICarbon black 
Detector 6 - (a) A total weight of... 
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Claims 

Detailed Description 

hydrogen peroxide . 

The latex may contain particles of any size, although the particles are 

preferably nanoparticles and/or microparticles . The latex particles may 

be crystalline or amorphous, but are more pref erably . . . f ilm surface was 

washed with water, quenched with glycine and blocked 

with 0.1% gelatin. Detection with a strepavidin horseradish 

peroxidase 

conjugate and a chemi luminescent HRP detection solution demonstrated 
biotin modification of the surface. A PHO film without ammonia gas 
plasma treatment was used as a control and demonstrated no biotin 
modification under identical... 

Claim 

The method of claim 17 wherein the device is in the form 
of microparticles or nanoparticles . 
SUBSTITUTE SHEET (RULE 26) 

. The method of claim 17 wherein the device comprises a 

material .. .The device of claim 41 wherein the device is in the form of 

microparticles or nanoparticles . 



47 The device of claim 41 wherein the device comprises a 
material selected from the... 
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Detailed Description 

Detailed Description 

... 8 having a temperature 

of between about 2 50C and 370C. 

As used herein, the term nanoparticle or 
nanosphere typically refers to a particle, usually 
a solid particle (as opposed to a capsule) , of size 
ranging from 10 to 1000 nm. In a preferred 
embodiment, the nanoparticle is biodegradable, 
biocompatible, has a size of less than 200 nm and 
has a rigid... and those applications that do not 
require high enzyme activity (for example, an assay 
to detect urea as opposed to a method to convert 
all urea to ammonia ) . For those applications, the 
meaning of a "significant amount of enzyme 
activity" must be considered ... tract) or by 
inhalation. 

The polymers disclosed herein can be fabricated 
into loaded microparticles or nanoparticles using 
any appropriate method known to those skilled in 
the art. 

In one embodiment, the... 
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Nanosensors based on functionalized nanoparticles and Surface Enhanced 
Raman Scattering 

Abstract : 

...signals of several orders of magnitude. When molecules of interest 
are attached to designed metal nanoparticles , a SERS signal is 
attainable with single molecule detection limits. This provides an 
ultrasensitive means of detecting the presence of molecules. By using 
selective chemistries, metal nanoparticles can be functionalized to 
provide a unique signal upon analyte binding. Moreover, by using 
measurement techniques, such as, ratiometric received SERS spectra, such 
metal nanoparticles can be used to monitor dynamic processes in 
addition to static binding events. Accordingly, such nanoparticles can 
be used as nanosensors for a wide range of chemicals in fluid, gaseous 
and. . . 

Summary of the Invention: 

...groups (e.g., thiol -groups ) . Additional improvement in 
signal-to-noise occurs because the conducting nanoparticles tend to 
quench any natural fluorescence produced by the molecules. These 
increases in Raman signal... 

...9): p. 1667-1670; Nie, S. and S. R. Emory, Probing Single Molecules and 
Single Nanoparticles by Surface-Enhanced Raman Scattering. Science, 
1997. 275: p. 1102-1106]. This extraordinary increase in ... SERS -based 
detection method that includes providing one or more nanosensors, each 
having a metal nanoparticle covalently bonded to one or more 
Raman-active molecules. By measuring ratiometric signals of a... 

Description of the Invention: 

...0019] FIG. 2 shows SERS spectra of functionalized 4 -MBA 
nanoparticles indicating pH sensitivity ... atomic force microscope image 
of Chinese Hamster Ovary Cells (CHO) after passive uptake of 



f unc t ional i zed nanopar tides 



[...atomic mass units that are operatively coupled (e.g., by covalence 
bonding) to a metal nanoparticle ' s surface. Such changes can be 
reversible (e.g., changes in the local environment, such... 

..0030] By utilizing such designed nanosensors (i.e., herein meaning 
Raman active molecules coupled to nanoparticles ) with detection means 
as disclosed herein, the ...0033] Nanosensors 12 having individual 
nanoparticles and/or small clusters of nanoparticles as the sensor 
element are designed to scatter radiation facilitated by the excitation 
of plasmon modes produced on the surface of the nanoparticles . Element 
8 can additionally operate as a means to collect scattered surface 
enhanced plasmon radiation ... about 1000 atomic mass units. Such 
nanosensors are often coupled by covalence bonding to metal 
nanoparticles such as gold, silver, copper and platinum, often having a 
size range from about 5... 

..functionality (i.e., for targeting specific chemicals, biological 
substances, etc.) are often attached to the nanoparticles using thiol 
chemistry to provide independent marker and reference modes and the 
specific functional modes... 

..0035] Nanoparticles as disclosed herein, which are coupled to the 
molecules, can be spherical, rodlike, cubic, triangular... 

. .plasmon resonance at an excitation wavelength between about 4 00 nm and 
about 1000 nm. Such nanoparticles can be attached to substrate surfaces 
as sensors or assays and they can be attached to such surfaces in random 
or regular arrays as single particles or nanoparticle clusters of 
functionlized nanoparticles . Each such cluster can be coated with a 
highly specific functional group for a dif f erentetc . Such an array can be 
produced, for example, by ink jet -printing funct ional i zed nanoparticles 
onto an inert surface or alternately by incorporating such nanoparticles 
into a supporting medium, such as an aerogel or polymer matrix. . . 

. .detector for color analysis of the colorimetric shift of the surface 
plasmon resonance of the nanoparticles while an atomic force microscope 
capable of being adapted with the invention, as shown in FIG. 1, can be 
utilized to image configured nanoparticles so as to aid in the analysis 
of resultant SERS spectra and/or response. In addition, functionalized 
nanoparticle clusters having functionality for a wider range of 
chemicals can be configured as nanosensors to. . .as being disposed in 
solution as shown in FIG. 1. By such an arrangement, functionalized 
nanoparticles of the present invention can be used to detect specific 
molecular species or can be... 

..or class of molecules. Moreover, such nanosensors as disclosed herein 
can be configured having "unfunctionalized" nanoparticles , i.e., they 
can be configured to detect molecules that attach to a nanoparticle ' s 
surface through a non-specific interaction, often by electrical charge 
interaction so as to. . . 

. .magnetic core and utilized as an active collector. By incorporating a 
magnetic core into the nanoparticles that make up the nanosensors as 
disclosed herein, they can be added to a solution. . .Methyl Mercaptan, 
Nitrogen Dioxide, Parathion, Phosgene, Phosphine; Sulfur Dioxide, Toluene 
diisocyanate, Allyl Alcohol, Acrolein, Acrylonitrile, Ammonia , Arsine, 
Chlorine, Diborane, Ethylene Oxide, Formaldehyde, Hydrogen Bromide, 
Hydrogen Cyanide, Hydrogen Selenide, and Hydrogen sulfide. Sensor 
molecules for the detection of such substances can include, but are not 



limited to, lanthanides , multi-dentate chelates (e. . .beneficial example 
application of the present invention, a SERS spectrum produced by 
nanosensors of individual nanoparticle clusters, such as, but not 
limited to silver nanoclusters , which are f unctionalized by adding, for 



. . .of a 30 mM methanol solution of 4-mercaptobenzoic (hereafter 4 -MBA) to 
an aqueous nanoparticle solution, can be utilized to respond to the pH 
changes of a surrounding medium in. . . 

...as measured by the example embodiment, as shown in FIG. 1, using 4 -MBA 
functionalized nanoparticles as the nanosensors. The most prominent 
features in such spectra are ring breathing modes 1077... 0048] Moreover, 
by utilizing individual nanoparticles and/or small nanoclusters (e.g., 
nanoparticles and/or clusters having dimensions between about 5 nm and 1 
[small mu, Greek] m more often between about 50 nm and 100 nm) , such 
nanoparticles and/or nanoclusters can also be arranged as sensors inside 
single living cells. Such sizes of the nanoparticles and/or clusters 
combined with the highly localized probe volume inherent to SERS make 
such resultant nanosensors particularly beneficial for monitoring 
biological processes in vivo. Functionalized nanoparticles to be used 
as a probe can be micro-injected into cells or the cells can be forced to 
take nanoparticles up passively (e.g., phagocytosis) or by 
ultra-sonif ication and/or electroporation of the cells0049] FIG. 6a and 
FIG. 6b illustrate passive uptake of nanosensors having functionalized 
nanoparticles by Chinese Hamster Ovary cells (CHO) . FIG. 6a shows a 
confocal microscope image produced by. . . 

...areas within encircled regions 630) after incubation for 24 hours with 
4 -MBA coated silver nanoparticles . FIG. 6b shows a SERS spectra 634 
representative of 4 -MBA obtained from a nanosensor . . . 

Exemplary or Independent Claim (s) : 

...each said nanosensor further comprising: at least one Raman-active 

molecule coupled to a metal nanoparticle and configured to produce 
a SERS spectra; and 

means for monitoring ratiometric signals of said. . . 

...each said nanosensor further comprising: at least one Raman-active 
molecule coupled to a metal nanoparticle ; 
an electromagnetic radiation source; 

means configured to direct said electromagnetic radiation source onto 
disposed said. . . 

. . .based detection method, comprising: 

providing one or more nanosensors, each said nanosensor comprising: a 
metal nanoparticle covalently bonded to one or more Raman-active 
molecules ; 

measuring ratiometric signals 
Non-exemplary or Dependent Claim (s) : 

...8. The apparatus of claim 1, wherein said metal nanoparticle has a 
size range between about 5 nm and about 1 [small mu, Greek] m 
apparatus of claim 1, wherein said metal nanoparticle further 
comprises a magnetic core... 24. The system of claim 17, wherein said 
metal nanoparticle has a size range between about 5 nm and about 1 
[small mu, Greek] m. . . 

...25. The system of claim 17, wherein said metal nanoparticle further 

comprises a magnetic core... 40. The method of claim 33, wherein said 



metal nanoparticle has a size range between about 5 nm and about 1 
[small mu, Greek] m. . - 

...41. The method of claim 33, wherein said metal nanoparticle further 
comprises a magnetic core... 
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Summary of the Invention: 

...0007] Chopra, et al . ( "Carbon- nanotube -based Resonant -circuit 
Sensor for Ammonia , 11 Applied Physics Letters, Volume 8, Number 24, 
2002, which is incorporated herein in its entirety by reference thereto) 
have described an ammonia sensor formed of a simple micro-strip 
circular disk resonator coated with carbon nanotubes (either 
single-walled or multi-walled nanotubes) on the surface. The sensors 
show a shift in resonant frequency upon adsorption of ammonia of about 
4.375 MHz for a single-walled nanotube (SWNT) sensor and a shift of 
about 3.25 MHz for a multi-walled nanotube (MWNT) sensor , and can 
detect the presence of ammonia down to a concentration of about 100 
ppm. .. ferrocene mixture. The xylene serves as the hydrocarbon source and 
ferrocene provides the iron catalyst nanoparticles that can seed the 
nanotubes that are grown. According to one process, ferrocene 
(approximately 6 ... including non-polar and inert gases, for example, but 
in addition, the sensitivity of the sensors can be greatly increased. 
For example, when considering the detection of the polar gas ammonia , 
when utilizing a resonant sensor of the disclosed invention including a 
layer of SWNT as -prepared (that is, formed in air and not degassed 
following formation) the sensor can detect the presence of ammonia 
down to a concentration of about 100 ppm. In contrast, following a 
degassing procedure such as that outlined above, the disclosed sensors 
can detect the presence of ammonia down to a concentration of about 
100 ppb... those embodiments wherein as-prepared nanotubes are applied to 
the resonator and utilized for the detection of materials, such as 
polar gases like ammonia or organic vapors, the initial resonant 
frequency of the resonator can often be recovered within... to the 
presence of polar gases. FIG. 8 shows the response of a SWNT- containing 
sensor to ammonia and carbon monoxide. The first curve (solid line) is 



the response of the sensor in air with a resonant frequency of 3.887 
GHz. The second curve (squares) is0065] The fourth curve (crosses) shows 
the response of the SWNT sensor to ammonia . The resonant frequency 
shift in the case of ammonia exposure is slightly greater than that for 
carbon monoxide, which can be explained due to. . . 

...to different environmental conditions. As the as-prepared sample is 
degassed, the conductivity of the sensor increases, which is evident 
from the increase in the Q- factor of the sensor . Upon exposure of the 
sample to ammonia and carbon monoxide, the conductivity of the sensor 
decreases to a greater extent than when it was exposed to oxygen. . . 
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Summary of the Invention: 

. . . nano tubes grown on silicon 
deposition from iron-containing 
methane/hydrogen gas mixture at 
and gas mixtures . . . 

Description of the Invention: 

...shown in FIGS. 5A and 5B, respectively. The response and recovery of 
the PEI-functionalized ammonia sensor (FIG. 5B) are remarkably fast. 
The response to ammonia is also dependent on a gate voltage. At 
positive gate, measured current through the PEI . . . 

Non-exemplary or Dependent Claim (s) : 

...9. The nanostructure sensor of claim 1, wherein the target species 
comprises ammonia and the polymer layer is PEI... 
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Description of the Invention: 

...solid growth technique may be used in which the nanowire diameters 
are controlled by catalyst nanoparticle size. Another technique may use 
a template assisted approach with porous silica ... upon NH[sub]3 exposure. 
In summary, the performance of the Indium oxide nanowire as ammonia 
sensors is affected by both the doping concentration and surface 
preparation. For example, the surfaces may. . . 
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Description of the Invention: 

...salts, and also salts with physiologically tolerable quaternary 
ammonium ions and acid addition salts with ammonia and physiologically 
tolerable organic amines such as, for example, triethylamine, 
ethanolamine or tris- (2 -hydroxy ethyl . . . 
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Summary of the Invention: 

...0007] Chopra, et al . ( "Carbon-nanotube -based Resonant -circuit 
Sensor for Ammonia ," Applied Physics Letters, Volume 8, Number 24, 
2002, which is incorporated herein in its entirety by reference thereto) 
have described an ammonia sensor formed of a simple micro-strip 
circular disk resonator coated with carbon nanotubes (either 
single-walled or multi-walled nanotubes) on the surface. The sensors 
show a shift in resonant frequency upon adsorption of ammonia of about 
4.375 MHz for a single-walled nanotube (SWNT) sensor and a shift of 
about 3.25 MHz for a multi-walled nanotube (MWNT) sensor , and can 
detect the presence of ammonia down to a concentration of about 100 
ppm. . . 

Description of the Invention: 

...ferrocene mixture. The xylene serves as the hydrocarbon source and 
ferrocene provides the iron catalyst nanoparticles that can seed the 
nanotubes that are grown. According to one process, ferrocene 
(approximately 6 ... including non-polar and inert gases, for example, but 
in addition, the sensitivity of the sensors can be greatly increased. 
For example, when considering the detection of the polar gas ammonia , 
when utilizing a resonant sensor of the disclosed invention including a 
layer of SWNT as -prepared (that is, formed in air and not degassed 
following formation) the sensor can detect the presence of ammonia 
down to a concentration of about 100 ppm. In contrast, following a 
degassing procedure such as that outlined above, the disclosed sensors 
can detect the presence of ammonia down to a concentration of about 
100 ppb... those embodiments wherein as-prepared nanotubes are applied to 
the resonator and utilized for the detection of materials, such as 
polar gases like ammonia or organic vapors, the initial resonant 
frequency of the resonator can often be recovered within... to the 



presence of polar gases. FIG. 8 shows the response of a SWNT-containing 
sensor to ammonia and carbon monoxide. The first curve (solid line) is 
the response of the sensor in air with a resonant frequency of 3.887 
GHz. The second curve (squares) is... 0065] The fourth curve (crosses) 
shows the response of the SWNT sensor to ammonia . The resonant 
frequency shift in the case of ammonia exposure is slightly greater 
than that for carbon monoxide, which can be explained due to is degassed, 
the conductivity of the sensor increases, which is evident from the 
increase in the Q- factor of the sensor . Upon exposure of the sample to 
ammonia and carbon monoxide, the conductivity of the sensor decreases 
to a greater extent than when it was exposed to oxygen. . . 
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Description of the Invention: 

...salts, and also salts with physiologically tolerable quaternary 
ammonium ions and acid addition salts with ammonia and physiologically 
tolerable organic amines such as, for example, triethylamine, 
ethanolamine or tris- (2 -hydroxyethyl . . . 
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Description of the Invention: 

...salts, and also salts with physiologically tolerable quaternary 
ammonium ions and acid addition salts with ammonia and physiologically 
tolerable organic amines such as, for example, triethylamine, 
ethanolamine or tris- (2 -hydroxy ethyl . . . 
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Description of the Invention: 

...0018] FIG. 9 is a graph depicting the response of three sensor 
regions as recorded using an optical drive. Different sensor regions 
were exposed to saturated ammonia vapor for different amounts of time 
(tl<t2<t3 ... chemical and biological species. Analyte-specif ic reagents 
include organic and inorganic dyes and pigments, nanocrystals, 
nanoparticles , quantum dots, organic f luorophores , inorganic 
fluorophores and similar materials ... 0067] As noted above, the 
analyte-specif ic reagents also include nanocrystals, nanoparticles and 
quantum dots and are known to those skilled in the art. Suitable 
nanocrystals include... 

...not limited to, those made of MoS[sub]2, ZnO, Si, CdTe, and Ge . Suitable 
nanoparticles include, but are not limited to, those made of Cu, 
SiO[sub]2, and LaB. . . 

. . .where a pH sensitive reagent such as bromothymol blue or bromocresol 
green is used, the sensor spot can be exposed to vapor or liquids which 
may include ammonia and the sensor read to confirm the presence of 
and the amounts of such an alkaline vapor. Such. . .exposure times from 0 
to about 2 0 seconds. FIG. 9 shows the response of three sensor regions 
as recorded using an optical drive (LG Electronics, Inc., Model GCC4480B) 
where different sensor regions were exposed to saturated ammonia 
vapor for different amounts of time (t [sub] l<t [sub] 2<t [sub] 3 . . . 

Non- exemplary or Dependent Claim (s) : 

... analyte-specif ic reagent is selected from the group consisting of 

organic dyes, inorganic dyes, nanocrystals, nanoparticles , quantum 
dots, organic fluorophores, inorganic fluorophores, IR absorbing 
dyes, near infrared absorbing materials, UV absorbing... 

. . .an analyte-specif ic reagent selected from the group consisting of 

organic dyes, inorganic dyes, nanocrystals, nanoparticles , quantum 
dots, organic fluorophores, inorganic fluorophores, IR absorbing 
dyes, UV absorbing dyes, photochromic dyes, and. . . 

...an analyte-specif ic reagent selected from the group consisting of 

organic dyes, inorganic dyes, nanocrystals, nanoparticles , quantum 
dots, organic fluorophores, inorganic fluorophores, IR absorbing 
dyes, UV absorbing dyes, photochromic dyes, and... 
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Summary of the Invention: 

...substance, compound, chemical, mixture or absorbent (such as 
activated carbon, clay, zeolites, coated or modified nanoparticle 
silica or alumuina and molecular sieves) useful in controlling odors... 

...silicates, starches, ion exchange resins, cyclodextrins, molecular 
sieves or high surface area materials such as nanoparticles (see, for 
example, EP-A-348 978, EP-A-510619, WO 91/12029, WO 91... 

Description of the Invention: 

...0025] FIG. 2 shows a standard curve for the detection of ammonia 
by BDMB . . . 

. . .per billion (ppb) , more preferably from >10 ppb, and most preferably 
>100 ppb) of amines, ammonia , sulfur compounds, carboxylic acids and 
aldehydes were identified (Table 3) . While the indicating agent may not 
detect the lower levels of odorous compounds immediately, it may change 
color in response to these... 

...0036] Although the odor absorbing agents which are specifically 

mentioned in the examples below are nanoparticles from Nissan Chemical 
America Corporation of Houston, Tex. and Michler's Hydrol from Aldrich 
Chemical . . . 

...molecular sieves, which are known in the art, and other high surface 
area materials or nanoparticles may also be used as the odor absorbing 
agent . . . 

...0037] The nanoparticles used in the practice of this invention can 
act as carriers for at least one metal ion present on the surface of the 
nanoparticle , and the metal ion creates an active site that binds with 
at least one gaseous compound and/or odorous compound thereby removing 
the compound from the surrounding environment. Nanoparticles can also 
absorb certain gaseous compounds and/or odorous compounds from the 
surrounding environment by adsorption directly onto the surface of the 
nanoparticles . 

[. • • 

...0038] The nanoparticles are modified with metal ions that ionically 
bond with compounds such as gases and odorous... 

...on the periodic table. Other ions can be used in the invention as well. 
The nanoparticle may be made from any of silica, alumina, magnesium 
oxide, titanium dioxide, iron oxide, gold... 

...0039] Modified nanoparticles are made by mixing nanoparticles with 
solutions containing metal ions. Such solutions are generally made by 
dissolving metallic compounds into... 



. . .metal ions in the solution. The metal ions are drawn to and adsorbed 
onto the nanoparticles due to the electric potential differences. 
Further discussion of the modification of nanoparticles may be found in 
U.S. patent application Ser. No. 10/137,052, filed on... 

...0043] The use of pH control in the modification of silica 

nanoparticles was demonstrated using a 10 weight percent suspension of 
SNOWTEX-OXS (R) nanoparticles from Nissan Chemical, having an unmodified 
particle size of 4 to 6 nm. The pH. . . 

. ..Zeta potential was obtained the addition of copper chloride was stopped. 
The resulting copper modified nanoparticle had a particle size of about 
43 nm and a surface area of about 500... 

...and air-dry method. The odor absorbing agents for this example were 
alumina-coated silica nanoparticles SNOWTEX-AK(R) , available from 
Nissan Chemical... 

...shown in FIG. 2, a standard curve was derived using ammonium hydroxide 
solution as an ammonia odor source detected by BDMB (MH-dye) . In FIG. 
2 the x-axis is the concentration of ammonia in ppb from 0 to 400 and 
the y-axis is the absorbance at 590... 

...Technologies of Chantilly, Va. (Model # MRX) . The absorbance readings 
were plotted against the concentrations of ammonia solutions, with the 
concentrations being represented as parts per billion (ppb) . The 
sensitivity of ammonia detection was very high according to the 
MH-dye method, and it was shown that the... 

...0082] SNOWTEX-C(R) silica nanoparticles from Nissan Chemical were 
modified by placing 20 mg copper chloride in 20 ml of a 20% wt/wt 
SNOWTEX-C(R) nanoparticle suspension. KIMWIPES(R) tissues from 
Kimberly-Clark Corporation were coated with the copper ion modified 
silica nanoparticle suspension and allowed to air dry. These light 
green colored KIMWIPES (R) tissues were placed 

Exemplary or Independent Claim (s) : 

...15. An article for controlling odor comprising a nanoparticle 

selected from the group consisting of silica, alumina, magnesium 
oxide, titanium dioxide, iron oxide, gold... 
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Description of the Invention: 

...0023] FIG. 2 shows a standard curve for the detection of ammonia 
by MH-dye. . . 

...0031] The invention provides simple visual breath testing devices which 
are able to detect levels of sulfur and/or ammonia compounds in a 
user's breath which are indicative of bad breath. Thus, the breath... 

...0037] The substrate, typically a cellulose tissue, may be coated with 
nanoparticles to provide a high surface area coating on the substrate, 
i.e., higher than the . . . 

...cellulose tissue may be given a boost in surface area by coating it with 
the nanoparticles . The treated substrate may be then coated with the 
visual indicating dye. It's believed... 

...0038] The average size of the nanoparticles is generally less than 
about 100 nanometers, in fact it may be from about 1... 

...0039] The nanoparticles may have a surface area of from about 50 
square meters per gram (m[sup... 

...0040] In addition, the nanoparticles may also be relatively nonporous 
or solid. That is, the nanoparticles may have a pore volume that is 
less than about 0.5 milliliters per gram... 

...g. It is believed that the solid nature, i.e., low pore volume, of the 
nanoparticles may enhance the uniformity and stability of the 
nanoparticles . 

[... 

...0041] Examples of commercially available alumina nanoparticles 
include, for instance, Aluminasol (R) 100, Aluminasol (R) 200 and 
Aluminasol (R) 520, which are available from Nissan Chemical America 
Corporation, Houston, Tex., USA. Alternatively, silica nanoparticles 
may be utilized, such as Snowtex-C (R) , Snowtex-0 (R) , Snowtex-PS (R) and 
Snowtex-OXS (R) nanoparticles , which are also available from Nissan 
Chemical . . . 

...0042] Snowtex-OXS (R) nanoparticles , for instance, have a particle 
size of from 4 to 6 nanometers, and may be... 

...per gram. Also, alumina-coated silica particles may be used, such as 
Snowtex-AK(R) nanoparticles available from Nissan Chemical... 

...tissues from Kimberly-Clark Corporation of Dallas, Tex., USA were coated 
with Snowtex-0 (R) nanoparticles (pH 4.1), available from Nissan 
Chemical, and were used in the examples described herein... 

. . .mg/ml stock solution of MH-dye 16 was applied on a Snowtex (TM) -O 
nanoparticle -coated Scott (R) paper towel and allowed to air dry. The 
dye-coated paper towel. . . 



...0082] KIMWIPES(R) tissues were coated with a 5% Snowtex-O(R) 

nanoparticle solution from Nissan Chemical and then air-dried. 5.0 mg/ml 
stock solution of MH-dye in acetonitrile was applied to the Snowtex-O(R) 
nanoparticle -coated KIMWIPES(R) tissues and a blue color was observed to 
develop as the applied. . . 

...Oakland, Calif., was placed on a cardboard strip 22, and a piece of the 
dye- nanoparticle coated tissue 24 was placed over a first end 25 of the 
straw 2 0 . Thus . . . 

. ..1 mg/ml stock solution of MH-dye was applied on a Snowtex(R)-0 

nanoparticle -coated Scott (R) paper towel and allowed to air dry, before 

being attached to the 

Exemplary or Independent Claim (s) : 

...23. A breath testing device comprising nanoparticles and a visual 
indicating agent that is color sensitive to at least one odorous 
compound. . . 

. . .portion defining a passage that is open at least one end, wherein the 

device contains nanoparticles and a visual indicating agent that is 
color sensitive to at least one odorous compound. . . 

...or into a carrier portion of a breath testing device, the breath testing 
device containing nanoparticles and a visual indicating agent that 
is sensitive to at least one odorous compound; and. . . 

Non- exemplary or Dependent Claim (s) : 

...29. The breath testing device of claim 23, wherein the nanoparticles 
have an average size of less than about 100 nanometers... 

...30. The breath testing device of claim 23, wherein the nanoparticles 
have an average size of from about 1 to about 50 nanometers... 

...31. The breath testing device of claim 23, wherein the nanoparticles 

have a surface area of from about 50 to about 1000 square meters per 
gram. . . 

...32. The breath testing device of claim 23, wherein the nanoparticles 

have an average size of from about 100 to about 600 square meters per 
gram. . . 

...33. The breath testing device of claim 23, wherein the nanopar tides 
include silica, alumina, or combinations thereof... 
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Abstract : 

...1), a sensor medium (3) formed on the substrate, the sensor medium 
comprising one -dimensional nanoparticles , wherein the one -dimensional 
nanoparticles essentially consist of a semiconducting A [sub] xB [sub] y 
compound, e.g. V[sub... 

Summary of the Invention: 

...the humidity from 0 to 50% relative humidity. Sadaoka, Y./ Sakai, 
Y.; Murata, Y. U. ; Sensors and Actuators 1993, B 13-14, 420-423 report 
a similar behavior of an optical sensor based on 

calcein-poly (acrylonitrile) in the case of ammonia detection . The 
sensitivity increased when I/I [sub] 0 (optical intensity ratio) decreased 
from 0 . 95 . . . 

...tecton, DM 189) deposited on a mass-sensitive device (Boeker, P.; 
Horner, G.; Rosier, S. Sensors and Actuators 2000, B 70, 37-42). The 
response to 100 ppm ammonia (in Hertz) is double at 20.000 ppm water 
(saturated, humidity) compared to the response... 

...main problem appears to be the size, which is in the centimeter scale. 
Metal oxide sensors can also detect ammonia , with a detection 
limit of about 25 ppm, but they suffer from their high power consumption 
and a. . . 

...a substrate, a sensor medium formed on the substrate, the sensor medium 
comprising one -dimensional nanoparticles , wherein the one-dimensional 
nanoparticles essentially consist of a semiconducting A [sub] xB [sub] y 
compound, wherein the semiconducting A. . . 

...metal compounds have different selectivities towards a target analyte. 
The material of the one -dimensional nanoparticles used for assembling 
the sensor device are therefore selected depending on the analyte to be 



...using e.g. V [sub] 20 [sub] 5 as a material of the one -dimensional 

nanoparticles vanadium may be present in the V[sup]4+ as well as in the 
V. . . 

...0027] The one -dimensional nanoparticles used as the sensitive medium 
in the sensor device according to the invention have a much larger 
extension in a longitudinal direction than in directions perpendicular 
thereto. Usually the nanoparticles have dimensions in the micrometer 
scale in a longitudinal direction and in the nanometer scale in both 
directions perpendicular thereto. Preferably the one -dimensional 
nanoparticles have a length of less than 100 [small mu, Greek] m, 
especially preferred less than. . . 



.2, especially preferred less than 50 nm[sup]2. The length of the 



one -dimensional nanoparticles can conveniently be controlled by the 
reaction time during the synthesis of the one -dimensional nanoparticles 
. The one -dimensional nanoparticles have the shape of a fibre and 
therefore do not easily self -organize to form a close-packed arrangement 
as for example nanoparticles which have a spherical shape. Therefore 
voids within the sensor medium are increased allowing a. . . 

...0028] The one -dimensional nanoparticles are present in the sensor 
medium as individual particles. It is sufficient to stabilize the sensor 
medium just by physical interactions and to deposit the one -dimensional 
nanoparticles on a substrate surface. To increase mechanical stability 
of the sensor medium the one -dimensional nanoparticles may be 
interlinked by e.g. bifunctional ligands or may be embedded in a matrix 

...0029] The one -dimensional nanoparticles used in the sensor device 
according to the invention are made from a semiconducting material . . . 

...A and B of the semiconducting A [sub] xB [sub] y compound the 

one-dimensional nanoparticles have different selectivity towards a 
given analyte compared to the carbon-SWNT based sensors described by J. 
Kong et al . loc . cit. Methods for obtaining one -dimensional 
nanoparticles , as used in the sensor device according to the invention, 
are well established. The one -dimensional nanoparticles can easily be 
modified in their composition, e.g. by addition of a dopant, and... 

...0031] The one-dimensional nanoparticles may be hollow or filled and 
may e.g. have the form of a nanotube or a nanowire. Filled 
one -dimensional nanoparticles are preferred. Further the 
one-dimensional nanoparticles may have various shapes of cross 
sections, e.g. may have a round (circular) or rectangular cross section. 
The one -dimensional nanoparticles may then have the form of a nanowire 
or a nanobelt. Nanobelts are especially preferred as sensing material. 
The sensor medium may also comprise bundles of one-dimensional 
nanoparticles . 

[... 

...0032] The synthesis of one -dimensional nanoparticles formed of 
II-VI-semiconductors or III -V- semiconductors is e.g. described by X... 

. ..P, examples for binary II-VI compounds are ZnS, ZnSe, CdS, and CdSe. 
One -dimensional nanoparticles have been prepared from the 
above-mentioned semiconducting materials in bulk quantities with high 
purity. . . 

...0033] One -dimensional nanoparticles of semiconducting metal oxides 
can be prepared by a method described by Z. W. Pan. . . 

. . .metal oxides that can be used as a source for the preparation of 

one -dimensional nanoparticles used in the sensor device according to 
the invention are e.g. Ga[sub]20... 

... sub] 20 [sub] 3, W [sub] 180 [sub] 49, and Ge0[sub]2. One -dimensional 
nanoparticles consisting of semiconducting metal sulfides may be 
prepared from MoS [sub] 2 , NbS [sub] 3 . . . 

...Ti0[sub]2 and Si0[sub]2). The synthesis of Si [sub] 3N [sub] 4- 

nanoparticles has been described by Han, W.; Fan,. S . ; Li, Q. ; Hu, Y. 
Science 1997, 277... 



.Levy, F.; Mihailovic, D. Science 2001, 292, 479-481 described the 
synthesis of one-dimensional nanoparticles made from GaSe... 

.0035] One -dimensional nanoparticles can be prepared with a wide range 
of compounds using a porous template, e.g... 

.via the appropriate technique, for example thermal decomposition or 
etching, leaving the required one -dimensional nanoparticles . Details 
towards the growth of one-dimensional nanoparticles are given e.g. in 
Caruso, R. A.; Schattka, J. H.; Greiner, A. Adv. Mat... 

.or in combination with each other. For example it is possible to use 
one-dimensional nanoparticles made of pure V [sub] 20 [sub] 5 . The physical 
characteristics of the one -dimensional .. . 

.3, to the one -dimensional V [sub] 20 [sub] 5 -material . Further different 
one-dimensional nanoparticles made of different semiconducting 
materials may be used within a single sensor medium of the... 

.according to the invention. The sensor medium then contains e.g. a first 
one -dimensional nanoparticle made of a first semiconducting 
A[sub]xB [sub]y compound and a second one-dimensional nanoparticle made 
of a second semiconducting A [sub] xB [sub] y compound... 

.0037] Preferably the semiconducting one -dimensional nanoparticles are 
made of a vanadium oxide material. Vanadium pentoxide one -dimensional 
nanoparticles are easily obtained by wet -chemistry, in large amounts and 
as pure material. They can... 

.0039] The one -dimensional nanoparticles can be employed as 
synthesized in an undoped form. To modify and to tune the... 

.sensitivity of the sensors according to the invention towards a target 
analyte the one-dimensional nanoparticles may be doped with a dopant. 
Sensors with appropriate dopants are highly sensitive and allow. . . 

. .which are incorporated in the structure or immobilized at the surface of 
the one -dimensional nanoparticle . This is possible by exchanging 
protons at the surface of the one -dimensional nanoparticle . In case of 
vanadium oxide most of the vanadium atoms in the one -dimensional vanadium 



.V oxidation state hydroxy groups may be formed on the surface of the 
one -dimensional nanoparticle by partially hydrolysing the vanadium 
oxide in water. Such hydroxy groups are acidic and the... 

..0041] The one-dimensional nanoparticles can also be doped by 
intercalation of neutral molecules between layers of the one -dimensional 
nanoparticles . This implies swelling of the structure inducing a 
weakening of the interaction forces between different layers of the 
one-dimensional nanoparticle . Such an intercalation of neutral 
molecules between layers of vanadium pentoxide xerogels is e.g... 

..is also possible to immobilize molecules or particles on the surface of 
the one -dimensional nanoparticle . 

[■ • - 

..or nitrate salt may also be employed. Also possible is to dip the 
one -dimensional nanoparticles into a solution containing the metal 
which is used as a dopant in solid form. The metal is then oxidized and 



incorporated into the one -dimensional nanoparticles . Such an 
incorporation of metal ions into vanadium pentoxide xerogels has been 
described e.g. . . 

...0043] Further the one -dimensional nanoparticles can be doped with 
organic molecules. A broad variety of organic molecules may be used... 

...and pyrrole derivatives. The organic molecules are adsorbed on the 
surface of the one-dimensional nanoparticles or intercalated between 
layers the one -dimensional nanoparticles thereby modifying the physical 
and chemical characteristics of the one-dimensional nanoparticles . For 
example T. Kuwahara, H. Tagaya and J. Kadokawa, Inorganic Chemistry 
Communications, 2 001, 4, 63... 

. ..S. D. Huang, Angewandte Chemie International Edition, 1999, 38, 

1751-1754. Furthermore the one -dimensional nanoparticles can be doped 
with conducting polymers. Such inorganic -organic hybrid microstructures 
are known e.g... 

...Furthermore also large organic cations can be incorporated into the 
structure of the one -dimensional nanoparticles . Such a material has 
been described, e.g. by M. Inagaki, T. Nakamura and A... 

...0044] Also ion complexes can be used as a dopant for doping the 
one -dimensional nanoparticles . An ion complex that can be used as a 
dopant according to the invention are . . . 

. . .of the invention the sensor medium of the chemical sensor device 

additionally comprises a second nanoparticle material which preferably 
has an approximately spherical shape. The incorporation of second 
nanoparticles different from the one-dimensional nanoparticles into 
the sensor medium allows the modification of the sensor selectivity and 
sensor sensitivity. Metal nanoparticles can be formed by evaporation of 
the metal on the one-dimensional nanoparticles pre -immobilized on the 
substrate. Further metal nanoparticles stabilized with an organic shell 
can be prepared e.g. by wet chemical methods. A method for preparing such 
nanoparticles is e.g. described by M. Brust, J. Fink, D. Bethell, D. J. 
Schiffrin and. . . 

...Chem. Commun., 1995, 1655-1656. This technique is applicable to a wide 
range of metal nanoparticles . Examples are Fe, Au, Ag, Pt, Pd, as well 
as some binary nanoparticles , like Fe/Pt. Such stabilized 
nanoparticles are soluble in common organic solvents . These 
nanoparticles can be immobilized on the one -dimensional nanoparticles 
by simply dipping the substrate pre-coated with the one -dimensional 
nanoparticles in the corresponding solution of the second nanoparticle 
. A chemical coupling between the one -dimensional nanoparticles and the 
second nanoparticles is possible through a bi- or polyf unctional 
organic linker compound. Finally, certain metal ion complexes... 

...doping vanadium pentoxide nanobelts with a metal e.g. gold. It can be 
doped with nanoparticles stabilized with an organic shell, or by 
evaporation of a thin metal layer or with a metal salt that is converted 
to nanoparticles during the doping process... 

...0047] According to a preferred embodiment the second nanoparticles 
consists of a semiconducting material. As a semiconducting material may 
be used e.g. II . . . 

...also be used as a mass sensitive sensor. The sensitive film comprising 



the one -dimensional nanoparticles is then used as a coating on a 
piezo-electric material to form a chemically. . . 

.luminescence properties may change when the analyte molecules are 
adsorbed to the semiconducting one -dimensional nanoparticles . This 
change is due to a change of the electronic states of the one -dimensional 

nanoparticles and/or of the close environment of the one -dimensional 
nanoparticles . Furthermore the one -dimensional nanoparticles can be 
combined with appropriate chemicals, e.g. dyes, to induce a change of 
optical . . . 

.top of the sensor film. By the sorption of the analyte to the 
one-dimensional nanoparticles the electronic properties of the sensor 
are influenced resulting in a change of conductivity of... 

.0060] The small size of the one-dimensional nanoparticles allows 
readily miniaturisation of the devices. The chemical sensor according to 
the invention therefore may. . . 

.0061] The one -dimensional nanoparticles used in the chemical sensor 
device according to the invention have a quite high electrical 
conductivity. This is especially the case when vanadium pentoxide is used 
as the one-dimensional nanoparticles . Vanadium oxide comprises vanadium 
in the valence +IV and +V state and therefore already provides... 

.into the structure of the sensing material. Depending on the length of 
the one -dimensional nanoparticles also sensor devices comprising a 
single one -dimensional nanoparticle may be prepared. In this case 
preferably a single one -dimensional nanoparticle is bridging the gap 
between the two electrodes. A single one -dimensional nanoparticle is 
sufficient to obtain a sensor medium but also several nanoparticles may 
be arranged in a more or less parallel arrangement. One -dimensional 
nanoparticles of smaller size than the gap size of the electrode pair 
may be arranged to form a network. The one-dimensional nanoparticles 
then form intersections at which the surface areas of neighboured 
nanoparticles are in contact with each other thereby providing a 
conductive path between the electrodes. The... 

..00066] b) providing one -dimensional nanoparticles essentially 
consisting of a semiconducting A [sub] xB [sub] y compound, wherein A, B, x 

..00067] c) coating the substrate surface with the one -dimensional 
nanoparticles thereby obtaining a sensor medium. . . 

..0069] The one -dimensional nanoparticles can be prepared by known 
methods. An overview on methods for obtaining one -dimensional vanadium 
synthesis conditions. The addition of a surfactant during the preparation 
of the one -dimensional nanoparticles introduces a high porosity as has 
been shown for vanadium alkoxide derived gels by S. . . 

..0070] The one -dimensional nanoparticles can be deposited on the 
substrate by spin-coating, drop-coating, dip-coating, brush techniques... 

..0071] The one-dimensional nanoparticles can be aligned during 
deposition e.g. to bridge two chemiresistor electrodes. Alignment of 
one-dimensional nanoparticles is preferred when using only few 
nanoparticles to form a sensor medium, and allows a high reproducibility 
of the fabrication process. Alignment of the one -dimensional 
nanoparticles may be achieved by MIMIC (Micro Moulding in Capillaries) 
technique described by H. J. Muhr... 



...0075] When using vanadium pentoxide nanofibres as a one-dimensional 
nanoparticles the chemical sensor device is sensitive to gases, say CO, 
H[sub]2, NH[sub]3 but also to SO [sub] x, 0[sub]2 or NO [sub] x. The sensor 
is highly sensitive to ammonia and polar organic molecules, like amines 
or thiols and detection below 0,5 ppm is possible. By changing the 
dopant, it is possible to create sensors with the same starting 
material, which cover the whole range of concentration for a given... 

...detection of amines. It could be demonstrated by the inventors that it 
is possible to detect amines in low concentrations down to 30 ppb at 
high humidity. Biogenic amines are often encountered in fermented 
foodstuff. For example, trimethyl amine or ammonia is produced during 
fish decomposition. Therefore volatile amines may be used as indicator of 
fish. . . 

...can also be diagnosed by a specific pattern of volatile amines in urine. 
In addition, ammonia is often used in the chemical industry and the 
detection method according to the invention may be used to detect 
leaks . . . 

...0085] FIG. 2 schematically displays different types for the arrangement 
of one -dimensional nanoparticles to bridge a gap between a pair of 
electrodes . . . 

Description of the Invention: 

[0096] FIG. 1 schematically shows a chemiresistor , which has a sensor 
medium comprising one-dimensional nanoparticles (nanobelts) as a 
sensitive material. On a substrate 1 are placed interdigitated electrodes 
2. The electrode structures 2 are covered by a sensor film, which is 
formed of one-dimensional nanoparticles 3. A constant current may be 
applied to the leads of the electrodes 2 and... 

...0097] FIG. 2 displays different arrangements of one -dimensional 
nanoparticles 4 between a pair of electrodes 2. In FIG. 2a a single 
one -dimensional nanoparticle 4 is bridging the gap between the pair of 
electrodes 2. For simplicity only one one -dimensional nanoparticle is 
shown on the figure. Several particles can also be employed. In this 
arrangement, the analyte can modulate the conductivity along the 
one-dimensional nanoparticle by adsorption on its surface and/or by 
intercalation. The analyte can also influence the... 

...with the particles changing the intrinsic conductivity of the 

one-dimensional particles. The one -dimensional nanoparticles can have a 
length much smaller than the gap size between a pair of electrodes. The 
one-dimensional nanoparticles are then arranged in a random order to 
form a network of nanoparticles 4 between a pair of electrodes 2 as 
shown in FIG. 2b. Like in the... 

...the interparticle contacts. In this arrangement the analyte enhances or 
reduces the conduction between the nanoparticles . The arrangement shown 
in FIG. 2b is preferred when the analyte interacts with the interparticle 
contacts. Between individual one -dimensional nanoparticles 4 are formed 
voids, which provide an easy access of the analyte to the nanoparticle 
surface even when a sensor medium of a larger thickness is used. . . 

...0105] The one -dimensional nanoparticles were deposited onto BK7 glass 
substrates supporting lithographically made interdigitated electrode 
structures. The electrode structures... 



.0107] The fabrication procedure described under (c) was repeated but as 



one -dimensional nanoparticles were used silver doped vanadium pentoxide 
nanof ibres obtained under (b) . Thereby a silver doped V. . . 

.0115] The responses of sensors 1-3 are also graphically displayed in 
FIG. 3. Whereas sensors 1 and 2 have about the same sensitivity to 
ammonia (in absolute value) , sensor 2 has a sensitivity towards CO 
which is about 5 times larger than for sensor 1. By combining these two 

sensors it is therefore possible to distinguish NH[sub]3 and CO. 
Sensor 3 is less sensitive to ammonia than sensors 1 and 2, but is 
more sensitive to H[sub]2. This makes this sensor more suitable for 
applications where detection of hydrogen is required. . . 

.0119] Sensor 7 was exposed to 360 ppb ammonia . The response of the 
sensor is displayed in FIG. 6. The sensor displayed a fast response of 
[capital Delta, Greek] R/R [sub] ini-1 . 6% within 120 seconds. This 
demonstrates that the sensor is sensitive to very low concentrations of 

ammonia giving a fast response and a short recovery period. At higher 
ammonia concentrations an increased response of the sensor is obtained 
as is obvious from the sensitivity isotherm displayed in FIG. 7... 

Exemplary or Independent Claim (s) : 

...a substrate, a sensor medium formed on the substrate, the sensor 
medium comprising one-dimensional nanoparticles , wherein the 5 
one -dimensional nanoparticles essentially consist of a 
semiconducting A [sub] xB [sub] y compound, wherein the semiconducting A 

Non-exemplary or Dependent Claim (s) : 

...7. Chemical sensor device according to claim 1, wherein the 
one-dimensional nanoparticles are filled. . . 

.8. Chemical sensor device according to claim 1, wherein the 

one-dimensional nanoparticles have a rectangular cross section... 

.9. Chemical sensor device according to claim 1, wherein the 

one -dimensional nanoparticles are provided in the form of a bundle 



10. Chemical sensor device according to claim 1, wherein the 
one -dimensional nanoparticle further comprises a dopant... 

sensor device according to claim 10, wherein the dopant is intercalated 
within the one -dimensional nanoparticle and/or is adsorbed on the 
surface of the one -dimensional nanoparticle . 



15. Chemical sensor device according to claim 1, wherein the sensor 
medium additionally comprises second nanoparticles different from 
the one -dimensional nanoparticles . 



16. Chemical sensor according to claim 15, wherein the second 
nanoparticles have an approximately spherical shape... 

17. Chemical sensor device according to claim 15, wherein the second 
nanoparticle essentially consists of a metal... 

claim 1, wherein the sensor material comprises at least 1 individual of 
said one -dimensional nanoparticles bridging a gap between two 
electrodes provided on the substrate... 



. . .the following steps: 

a) providing a substrate having a substrate surface; 

b) providing one -dimensional nanoparticles essentially consisting 
of a semiconducting A [sub] xB [sub] y compound as defined in claim 1; 

c) coating the substrate surface with the one -dimensional 
nanoparticles thereby obtaining a sensor medium; 

d) providing detection means for detecting a change of a... 

...24. Method according to claim 23, wherein the one -dimensional 
nanoparticles are aligned on the substrate surface... 

...25. Method according to claim 23, wherein the one-dimensional 

nanoparticles are fixed to the substrate surface by a bifunctional 
ligand which is linked to the substrate surface by a first functional 
group and to the one-dimensional nanoparticle surface by a second 
functional group 
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Abstract : 

...and methods for diagnosing and/or treating conditions, diseases, or 
disorders. The present invention uses nanoparticle -based assemblies, 
which comprise a nanoparticle ; a surrogate marker; and a means for 
detecting a specific chemical entity. Such nanoparticle -based 
assemblies combine nano techno logy and sensor technology to provide an 
efficient and accurate means for. . . 

Summary of the Invention: 

. . .biosensors) , and the identification of biomarkers for specific 
diseases and/or conditions. Nano techno logy, such as nanoparticles , 
offers many advantages when used for applications such as the delivery of 



bioactive agents (i. 



...gene therapy, immunosuppressants, chemotherapeutics) , and drug uptake 
and degradation (i.e., enzyme encapsulation). For example, nanoparticles 
have been proposed as providing site-specific distribution of drugs to a 
target site. Appropriately. . . 

...a patient. This invention is based in part on nanostructure -based 

assemblies that include: a nanoparticle ; a means for detecting an SCE; 
and a means for notifying the physician or healthcare... 

...assembly of the invention. The nanostructure -based assembly of the 
invention is composed of a nanoparticle that contains the following 
components: (a) a means for detecting an SCE; and (b) a surrogate marker. 
In another embodiment, the nanoparticle contains an additional 
component, (c) a "payload." These components can be attached to any 
surface of the nanoparticle . 
[... 

...SCE by the SCE-detecting means affects the release of the surrogate 

marker from the lnanoparticle . Because the surrogate marker is released 
from the nanoparticle only in the presence of an SCE, detection of the 
surrogate marker provides notice that... 

...0027] In one embodiment, the nanoparticle -based assemblies of the 
invention are composed of biodegradable substances . In another 
embodiment, the nanoparticle -based assemblies are composed of 
biocompatible substances . . . 

...0028] In another embodiment of the present invention, the nanoparticle 
of the nanostructure-based assembly has a hollow body defining an inner 
void, which contains... 

. . .undergo a conformational change upon detecting the SCE to detach the 
end-cap from the nanoparticle and release both the surrogate marker and 
the payload. In certain embodiments, the nanoparticle contains only the 
surrogate marker. . . 

...In a related embodiment, the detecting means is attached to the outer 
surface of the nanoparticle . The controlled release of the surrogate 
marker and, when present, payload is accomplished by the release of the 
end-cap, which is attached to the nanoparticle via chemically labile 
bonds . . . 

...0030] Yet another embodiment provides a nanoparticle that has the 
detecting means, the surrogate marker, and the payload (when present) 
applied to the outside of the surface of the nanoparticle . All of these 
components are attached to the surface of the nanoparticle via 
chemically labile bonds, which allow for the release of these components 
under specific conditions 

Description of the Invention: 

...1 is a table illustrating certain specific chemical compounds that 
can be detected using the nanoparticle -based assemblies of the present 
invention. . . 

. . .disorder. The systems and methods of the invention utilize 

nanostructure-based assemblies that contain a nanoparticle , a means for 
detecting a target SCE, and a surrogate marker. In certain embodiments, 
nanostructure. . . 



.and the target SCE induces the release of the surrogate marker and 
payload from the nanoparticle . Advantageously, the concentration of the 
released surrogate marker is proportional to the amount of SCE... 

.0056] Nanopar tides 

[. . . 

.detection, notification, and treatment of a condition, disorder, or 
disease. Such assemblies are based on nanoparticles , which provide a 
mechanism for the targeted delivery and release of detectable markers 
and/or. . . 

.0058] According to the present invention, nanoparticles can be 
produced in a wide range of sizes and shapes, and composed of a... 

.limited to, spherical, elliptical, cubic, cylindrical, tetrahedron, 
polyhedral, irregular-prismatic, icosahedral, and cubo-octahedral forms. 
Nanoparticles intended for in-vivo use are of any dimension, preferably 
with a maximum dimension less... 

.proper distribution at the microvasculatoure level, without any 
occlusion of blood flow. More preferably, the nanoparticles of the 
subject invention are of a dimension less than 100-150 nm. The "maximum 
dimension" of a nanoparticles is the maximum distance between any two 
points in the nanoparticle . In a preferred embodiment, the 
nanoparticles are in the form of tubular bodies (also known as 
"nanotubes") , which are either hollow... 

.0059] Methods of preparation of nanoparticles are well known in the 
art. For example, the preparation of monodisperse sol-gel silica... 

.0060] Nanoparticles , in accordance with the present invention, can be 
prepared from a single material or a. . . 

.materials including, but not limited to, polymers, semiconductors, 
carbons, or Li [sup] + intercalation materials. Metal nanoparticles 
include those made from gold or silver. Semi-conductor nanoparticles 
include those made from silicon or germanium. Polymer nanoparticles 
include those made from biocompatible or biodegradable polymers. The 
ability to make nanoparticles from a wide variety of materials or 
combination of materials allows the creation of nanoparticles with 
desired biochemical properties such as biocompatibility, including 
immunogenic compatibility, and/or, biodegradability . In comparison. . . 
.0061] Nanoparticles of the present invention can be synthesized using 
a template synthesis method. For example, nanoparticles can be 
synthesized using templates prepared from glass (Tonucci, R. J. et al . , 
Science 258 . . . 

..and a variety of other materials (Ozin, G. A., Adv. Mater., 4, 612 
1992)). Alternatively, nanoparticles can be prepared using a 
self-assembly process, as described in Wang, Z. L . , "Structural... 

..0062] In one embodiment, a nanos t rue ture -based assembly of the 
invention contains a nanoparticle , which has one or more surfaces 
functionalized to allow attachment of SCE-detectors to the surface. Such 
"functionalized" nanopar tides have at least one surface modified to 
allow for directed (also referred to as "vectoring") delivery and/or 
controlled release of the payload and surrogate marker. In certain 
embodiments, the nanoparticle is formed with an interior void. 



Different chemical and/or biochemical functional groups can be applied to 
the inside and/or outside surfaces of the nanoparticle to enable the 
attachment of an SCE-detector, surrogate marker, and/or payload on a 
nanoparticle surface . . . 

.0063] In another embodiment, the nanostructure-based assembly contains 
a nanoparticle formed with an interior void to contain a surrogate 
marker, a payload, and a detachable... 

.presence of a target SCE, the SCE-detector mechanically detaches the 
end-cap from the nanoparticle to release the surrogate marker for 
analysis by sensor technology. Simultaneously, the payload is released. . . 

.0064] In a preferred embodiment, the nanoparticle is in the form of a 
nanotube that is hollow and has a first open. . . 

.the end-cap, the surrogate marker and payload are released with the 
uncapping of the nanoparticle . The uncapping mechanism may require the 
use of energy-bearing biomolecular motors such as, but... 

.filament elongation model for actin-based motors," Biophys J, 82:605-617 
(2002)). Once the nanoparticle is uncapped, the released surrogate 
marker can then be detected using sensor technology known in. . . 

.0067] A number of patents and publications describe nanoparticles in 
the form of tubes ( nano tubes ) . For example, U.S. Pat. No. 5,482,601... 
substrate aluminum surface (Hornyak, G. L . , et al., "Fabrication, 
Characterization and Optical Properties of Gold- Nanoparticle 
/Porous -Alumina Composites: The Non-Scattering Maxwell -Garnett Limit," J. 
Phys. Chem. B., 101:1548... 

.0073] Suitable end-caps used to block a nanotube opening include, for 
example, nanoparticles having a diameter slightly larger than the 
inside diameter of the nanoparticle so as to occlude the open end of 
the nanoparticle . End-caps are any piece of matter and can be composed 
of materials that are chemically or physically similar (or dissimilar) to 
the nanoparticle . The end-cap can be a particle that has a maximum 
dimension of less than. . . 

..sub] 2) [sub]3-SH could be attached to a silica nanotube and a gold 
nanoparticle attached as the end-cap using the -SH end of this molecule. 
It is well . . . 

..0078] Contemplated end-caps for the invention include nanoparticles 
that can be electrophoretically placed within the mouths of nanotubes so 
that the entire mouth of the nanotube is blocked when disulfide bonds are 
formed between the nanotube and the nanoparticle as described in 
Miller, S. A. and C. R. Martin, "Electroosmotic Flow in Carbon Nanotube 

..caps can be suspended in solution together with the activated disulfide 
labeled nanotubes. Here, the nanoparticle caps can spontaneously 
self -assemble to the nanotubes. The self-assembly of gold nanospheres and 

..1202-1205 (1999)), and antigen/antibody interactions (Shenton, W. et 
al., "Directed Self -Assembly of Nanoparticles into Macroscopic 
Materials Using Antibody -Anti gen Recognition," Adv. Mater., 11:449 (1999 

..e., surrogate marker and/or payload material). Methods for attaching an 



end-cap to a nanoparticle include, but are not limited to, using: 
electrostatic attraction, hydrogen bonding, acid and/or basic sites 
located on the end-cap/ nanoparticle , covalent bonds, and other chemical 
linkages . . . 

...affect the release of the surrogate marker and/or payload material via 
uncapping of the nanoparticle . For example, the uncapping mechanism is 
based upon the detection by the detecting means of... 

...0093] Functionalization of the Nanoparticles 
[... 

...0094] According to the present invention, nanoparticles can be 
prepared having different chemically or biochemically f unctionalized 
surfaces to enable attachment of an SCE-detecting means, surrogate 
marker, and/or payload. Methods used to functionalize a nanoparticle 
surface depend on the composition of the nanoparticle and are well 
known in the art. For example, functionalization of silica nanoparticles 
is accomplished using silane chemistry. With silane chemistry, different 
functional groups can be attached to the surfaces of the nanoparticle 
by attaching a functional group to the nanoparticle surface while the 
nanoparticles are embedded within the pores of the template. Then, a 
hydrolytically unstable silane is reacted with the surface silanol sites 
on the nanoparticle to obtain covalent oxygen/ silicon bonds between the 
surface and the silane. Additional functional groups can also be attached 
to the nanoparticle surface after dissolution of the template... 

...0095] The surface of polymer nanoparticles can also be f unctionalized 
using well known chemical methods. For example, methods employed for 
polylactide . . . 

...groups to enable attachment of a detecting means, surrogate marker, 
and/or payload to a nanoparticle surface... 

...standard methods and used for random copolymerization with lactide. In 
accordance with the present invention, nanoparticles can have 
functional groups on any surface to enable the attachment of an 
SCE-detecting. . . 

...peptides, RNA or DNA aptamers, cellular reporters or cellular ligands, 
can be attached to a nanoparticle surface to provide a means for 
vectoring the nanos true ture -based assembly to a target SCE. . . 

... covalent ly, including attachment via linker molecules. SCE-detecting 
means can also be attached to a nanoparticle surface by non-covalent 
linkage, for example, by absorption via hydrophobic binding or Van der. . . 

...In addition, the detecting means, surrogate marker, and/or payload can 
be incorporated into the nanoparticle framework, which can include 
chitosan, PEGylated PLGA (poly (lactic-co-glycolic acid), or other 
PEGylated. . . 

. . . PEG-maleimide can be incorporated into chain-end thiols on the outer 
surface of the nanoparticles . Alternatively, the detecting means, 
surrogate marker, and/or payload can be incorporated into nanoparticle 
frameworks composed of biodegradable and/or resorbable materials 
including, for example, polylactide based polymers as... 

...0099] For nanoparticles comprising a hollow void in which the 
surrogate marker can be contained, a surrogate marker. . . 



...Flow in Carbon Nanotube Membranes, " J. Am. Chem. Soc, 

123 (49) :12335-12342 (2001)). Alternatively, nanoparticles embedded 
within the synthesis membrane can be filled with a surrogate marker by 
vacuum filtering. . . 

...the synthesis membrane. (See Parthasarathy, R. and C. R. Martin, Nature, 
369:298 (1994)). For nanoparticles prepared by formation within an 
alumina template film prior to removal of the alumina from. . . 

...0107] A nanostructure-based assembly of the invention comprises a 
nanoparticle , which contains a means for detecting a target SCE, a 
surrogate marker, and a pay load. . . 

...proteins. Such aptamer- linked proteins can then be immobilized on a 
functionalized surface of a nanoparticle . For example, aptamer- linked 
proteins can be attached covalently to a nanoparticle end-cap or to an 
exterior nanoparticle surface, including attachment of the 
aptamer -linked protein by functionalization of the surface. 
Alternatively, aptamer -linked proteins can be covalently attached to a 
nanoparticle surface via linker molecules. Non-covalent linkage provides 
another method for introducing aptamer- linked proteins to a nanoparticle 

surface. For example, an aptamer -linked protein may be attached to an 
nanoparticle surface by absorption via hydrophilic binding or Van der 
Waals forces, hydrogen bonding, acid/base... 

...0116] By way of example, one embodiment of the present invention uses 
nanoparticle -based sensors that contain anti-oxidant genes (MnSOD, HO-1, 
and PON1) , which are released. .. 0148] In one embodiment, a patient 
suffering from heroin addiction is administered a composition comprising 
nanoparticle -based assemblies of the invention. The nanoparticle -based 
assemblies are designed to detect the drug heroin. In one embodiment, the 

nanoparticle -based assemblies contain a nanoparticle , a surrogate 
marker, and an SCE-detector . Preferably, the SCE-detector is an aptamer 
that . . . 

...aptamer and the surrogate marker (heroin- surrogate marker) are attached 
to a surface of the nanoparticle . 
[... 

...a preferred embodiment, the heroin-aptamer is attached to an end-cap of 
a hollow nanoparticle that contains therein the heroin- surrogate 
marker. The heroin-aptamer is designed so that upon interaction with 
heroin, the end-cap is released from the nanoparticle to release the 
heroin- surrogate marker. The heroin- surrogate marker is readily 
detectable in bodily. . . 

...0150] To test for heroin use, the nanoparticle -based assemblies are 
administered to the patient and then a sample of the patient's... 

...is present in the patient, the heroin interacts with the heroin-aptamer 
and "uncaps" the nanoparticle , thus releasing the heroin- surrogate 
marker for identification in the bodily fluid sample. Any one... 

...another embodiment of the invention, a patient suffering from 

atherosclerosis is administered a composition comprising nanoparticle 
-based assemblies to diagnose and treat atherosclerosis. The 
nanoparticle -based assembly comprises a nanoparticle ; a surrogate 
marker; a payload; and an SCE-detector. Treatment of atherosclerosis 
(payload) comprises anti... 



.0153] Glycogen is readily detectable in bodily fluids (i.e., blood) 
using a nanoparticle -based assembly of the invention. According to the 
present invention, the nanoparticle -based assembly comprises a 
nanoparticle , a surrogate marker, and an SCE-detector that is designed 
to bind to the glycogen 

Exemplary or Independent Claim (s) : 
...disease, or disorder, comprising: 

(a) administering to a patient a composition comprising at least one 
nanoparticle -based assembly, wherein the nanoparticle -based 
assembly comprises a nanoparticle ; a surrogate marker, and a means 
for detecting a specific chemical entity (SCE) ; 

(b) obtaining. . . 

.disease, or disorder, comprising: 

(a) administering to a patient a composition comprising at least one 
nanoparticle -based assembly, wherein the nanoparticle -based 
assembly comprises a nanoparticle ; a surrogate marker, a means for 
detecting a specific chemical entity (SCE) , and a payload. . . 

Non-exemplary or Dependent Claim (s) : 

2. The method according to claim 1, wherein the nanoparticle is a 
nanotube . . . 

.8. The method according to claim 1, wherein the SCE- detecting means 
has a specific action on compounds selected from the group consisting 
of acetaldehyde, acetone, ammonia , carbon monoxide, chloroform, 
diethylamine, hydrogen, isoprene, methanethiol , methylethylketone, 
O-toluidine, pentane sulfides and sulfides, H. . . 

.11. The method according to claim 1, wherein the nanoparticle is 
formed with an interior void that contains the surrogate marker, 
wherein the nanoparticle has at least one open end to provide 
access to the interior void. . . 

.13. The method according to claim 11, wherein the nanoparticles 
further includes an end-cap to block the open end. . . 

.15. The method according to claim 13, wherein the end-cap is attached to 

the nanoparticle by covalent bonds . . . 
.16. The method according to claim 13, wherein the nanoparticle is in 

the form of a tubular body; and wherein the SCE-detecting means is... 

.17. The method according to claim 1, wherein the nanoparticle is 
composed of silica... 

.18. The method according to claim 1, wherein the nanoparticle is 
composed of a polymer. . . 

.to claim 18, wherein the SCE-detecting means is attached to a surface of 
the nanoparticle using copolymerization . . . 

.20. The method according to claim 18, wherein the polymer nanoparticle 
is composed of polymers selected from the group consisting of 
polystyrene, polyorganosiloxane, poly (methyl methacrylate . . . 

.21. The method according to claim 18, wherein the polymer nanoparticle 
is composed of biodegradable polymers selected from the group 
consisting of poly (caprolactone) , poly (glycolic . . . 



22. The method according to claim 18, wherein the polymer nanoparticle 
is composed of biocompatible polymers selected from the group 
consisting of poly (lactide-co-glycolide .. . 

The method according to claim 1, wherein the SCE-detecting means is 
incorporated into the nanoparticle . 



24. The method according to claim 1, wherein the nanoparticle is 
produced in a shape selected from a group consisting of spherical; 
elliptical; cubic; cylindrical... 

25. The method according to claim 1, wherein the nanoparticle has a 
dimension less than 500 nm. . . 

26. The method according to claim 1, wherein the surface of the 
nanoparticle is stealthy. . . 

28. The method according to claim 27, wherein the nanoparticle is a 
nanotube . . . 

34. The method according to claim 27, wherein the SCE- detecting means 
has a specific action on compounds selected from the group consisting 
of acetaldehyde, acetone, ammonia , carbon monoxide, chloroform, 
diethylamine, hydrogen, isoprene, methanethiol, methylethylketone, 
O-toluidine, pentane sulfides and sulfides, H. . . 

37. The method according to claim 27, wherein the nanoparticle is 
formed with an interior void that contains the surrogate marker, 
wherein the nanoparticle has at least one open end to provide 
access to the interior void. . . 

39. The method according to claim 37, wherein the nanoparticles 
further includes an end-cap to block the open end. . . 

41. The method according to claim 39, wherein the end-cap is attached to 
the nanoparticle by covalent bonds... 

42. The method according to claim 39, wherein the nanoparticle is in 
the form of a tubular body; and wherein the SCE-detecting means is... 

43. The method according to claim 27, wherein the nanoparticle is 
composed of silica... 

44. The method according to claim 27, wherein the nanoparticle is 
composed of a polymer... 

to claim 44, wherein the SCE-detecting means is attached to a surface of 
the nanoparticle using copolymerization. . . 

46. The method according to claim 44, wherein the polymer nanoparticle 
is composed of polymers selected from the group consisting of 
polystyrene, polyorganosiloxane, poly(methyl methacrylate . . . 

47. The method according to claim 44,. wherein the polymer nanoparticle 
is composed of biodegradable polymers selected from the group 
consisting of poly (caprolactone) , poly (glycolic . . . 



48. The method according to claim 44, wherein the polymer nanoparticle 
is composed of biocompatible polymers selected from the group 
consisting of poly (lactide-co-glycolide . 



...The method according to claim 27, wherein the SCE-detecting means is 
incorporated into the nanoparticle . 



...50. The method according to claim 27, wherein the nanoparticle is 

produced in a shape selected from a group consisting of spherical; 
elliptical; cubic; cylindrical... 

...51. The method according to claim 27, wherein the nanoparticle has a 
dimension less than 500 nm. . . 

...52. The method according to claim 27, wherein the surface of the 
nanoparticle is stealthy 
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US Term Extension: 115 days 

Fulltext Word Count: 25946 

Summary of the Invention: 

...the filler may also be utilized as a means to time drug-release from 
a nanoparticle . A polymer coating may further be used to enable 



selective filtering, transfer, capture, and removal of species and 
molecules from blood into the nanoparticle . 
[. . . 

...00108] A nanoparticulate non- stoichiometric filler for biomedical 
operations might be a carrier or support for a drug... 

...might even be the drug itself. Possible administration routes include 
oral, topical, and injection routes. Nanoparticulates and 
nanocomposites are anticipated to also have utility as markers or as 
carriers for markers . . . 

...00109] In some examples of biomedical functions, magnetic 

non-stoichiometric nanoparticles such as ferrites may be utilized to 
carry drugs to a region of interest, where the particles may then be 
concentrated using a magnetic field. Photocatalytic non-stoichiometric 
nanoparticles can be utilized to carry drugs to a region of interest and 
then photoactivated. Thermally sensitive non-stoichiometric 
nanoparticles can similarly be utilized to transport drugs or markers or 
species of interest and then thermally activated in the region of 
interest. Radioactive non-stoichiometric nanoparticulate fillers are 
anticipated to have utility for chemotherapy. Nanoparticles suitably 
doped with genetic, cultured, or other biologically active materials may 
be utilized in a... 

...assist in concentrating the particle and then providing therapeutic 

action. To illustrate, magnetic and photocatalytic nanoparticies may be 
formed into a composite, administered to a patient, concentrated in area 
of interest . . . 

...activated using photons directed to the concentrated particles. As 

markers, coated or uncoated non-stoichiometric nanoparticulate fillers 
may be used for diagnosis of medical conditions. For example, fillers may 
be concentrated. . . 

...magnetic resonance imaging or other techniques. In all of these 
applications, the possibility exists that nanoparticulates can be 
released into the body in a controlled fashion over a long time period. . . 

...composition or with a phase that is compatible with the matrix 

composition. Such a coated nanoparticle is illustrated in FIG. 1, which 
shows a spherical nanoparticle 6 and a coating 8. In one embodiment, 
when embedding nanofillers in a polymer matrix... 

...the filler may also be utilized as a means to time drug-release from a 
nanoparticle . A polymer coating may further be used to enable selective 
filtering, transfer, capture, and removal of species and molecules from 
blood into the nanoparticle . 

[. - ■ 

...00139] A nanoparticulate filler for biomedical operations might be a 
carrier or support for a drug of interest... 

...might even be the drug itself. Possible administration routes include 
oral, topical, and injection routes. Nanoparticulates and 
nanocomposites may also have utility as markers or as carriers for 
markers. Their unique... 

...00140] In some examples of biomedical functions, magnetic nanoparticles 
such as ferrites may be utilized to carry drugs to a region of interest, 



where the particles may then be concentrated using a magnetic field. 
Photocatalytic nanoparticles can be utilized to carry drugs to region 
of interest and then photoactivated. Thermally sensitive nanoparticles 
can similarly be utilized to transport drugs or markers or species of 
interest and then thermally activated in the region of interest. 
Radioactive nanoparticulate fillers may have utility for chemotherapy. 
Nanoparticles suitably doped with genetic and culture material may be 
utilized in similar way to deliver. . . 
...in concentrating the particle and then providing the therapeutic action. 
To illustrate, magnetic and photocatalytic nanoparticles may be formed 
into a composite, administered to a patient, concentrated in area of 
interest using magnetic field, and finally activated using photons in the 
concentrated area. As markers, nanoparticulate fillers -coated or 
uncoated-may be used for diagnosis of medical conditions. For example, 
fillers ... 

...magnetic resonance imaging or other techniques. In all of these 
applications, the possibility exists that nanoparticulates can be 
released into the body in a controlled fashion over a long time period. . . 

...by normal kidney action without the development of stones or other 
adverse side effects. While nanoparticulates may be removed naturally 
through kidney and other organs, they may also be filtered or removed 
externally through membranes or otherwise removed directly from blood or 
tissue. Carrier nanoparticulates may be reactivated externally through 
membranes and reused; for example, nutrient carriers may be removed. . . 
partially or completely, into a non-stoichiometric form by heat treating 
the device in borane, ammonia , hydrogen, methane, or silane to form a 
non-stoichiometric boride, nitride, oxide, hydride, carbide, silicide, or 
a combination thereof. In another example, a sensor or battery device 
can be prepared from stoichiometric electrochemical materials which can 
then be transformed. . . 
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Summary of the Invention: 

...for example, to be sensitive to the presence of various gases, such 
as oxygen and ammonia , and thus nanotubes included in an electrical 
circuit can operate as sensitive chemical sensors . NTFET devices, as 



well as nanowire-based devices, are promising candidates for the 
electronic detection. . . 

Description of the Invention: 

...sensing of dissolved analytes. NTFETs were fabricated using 
nanotubes grown by chemical vapor deposition. Iron nanoparticles 
encased in mesoporous material were spin-coated and patterned on silicon 
substrates with 2 00 nm. . . 
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Description of the Invention: 

...the filler may also be utilized as a means to time drug-release from 
a nanoparticle . A polymer coating may further be used to enable 
selective filtering, transfer, capture, and removal of species and 
molecules from blood into the nanoparticle . 

. . .A nanoparticulate non- stoichiometric filler for biomedical operations 
might be a carrier or support for a drug... 

...might even be the drug itself. Possible administration routes include 
oral, topical, and injection routes. Nanoparticulates and 
nanocomposites are anticipated to also have utility as markers or as 
carriers for markers. . . 

...In some examples of biomedical functions, magnetic non-stoichiometric 
nanoparticles such as ferrites may be utilized to carry drugs to a 
region of interest, where the particles may then be concentrated using a 
magnetic field. Photocatalytic non-stoichiometric nanoparticles can be 



utilized to carry drugs to a region of interest and then photoactivated. 
Thermally sensitive non- stoichiometric nanoparticles can similarly be 
utilized to transport drugs or markers or species of interest and then 
thermally activated in the region of interest. Radioactive 
non-stoichiometric nanoparticulate fillers are anticipated to have 
utility for chemotherapy. Nanoparticles suitably doped with genetic, 
cultured, or other biologically active materials may be utilized in a... 

..assist in concentrating the particle and then providing therapeutic 
action. To illustrate, magnetic and photocatalytic nanoparticles may be 
formed into a composite, administered to a patient, concentrated in area 
of interest . . . 

..activated using photons directed to the concentrated particles. As 
markers, coated or uncoated non-stoichiometric nanoparticulate fillers 
may be used for diagnosis of medical conditions. For example, fillers may 
be concentrated... 

..magnetic resonance imaging or other techniques. In all of these 
applications, the possibility exists that nanoparticulates can be 
released into the body in a controlled fashion over a long time period. . . 

..composition or with a phase that is compatible with the matrix 
composition. Such a coated nanoparticle is illustrated in FIG. 1, which 
shows a spherical nanoparticle 6 and a coating 8. In one embodiment, 
when embedding nanofillers in a polymer matrix... 

..the filler may also be utilized as a means to time drug-release from a 
nanoparticle . A polymer coating may further be used to enable selective 
filtering, transfer, capture, and removal of species and molecules from 
blood into the nanoparticle . 

. .A nanoparticulate filler for biomedical operations might be a carrier 
or support for a drug of interest... 

..might even be the drug itself. Possible administration routes include 
oral, topical, and injection routes. Nanoparticulates and 
nanocomposites may also have utility as markers or as carriers for 
markers. Their unique... 

..In some examples of biomedical functions, magnetic nanoparticles such 
as ferrites may be utilized to carry drugs to a region of interest, where 
the particles may then be concentrated using a magnetic field. 
Photocatalytic nanoparticles can be utilized to carry drugs to region 
of interest and then photoactivated. Thermally sensitive nanoparticles 
can similarly be utilized to transport drugs or markers or species of 
interest and then thermally activated in the region of interest. 
Radioactive nanoparticulate fillers may have utility for chemotherapy. 
Nanoparticles suitably doped with genetic and culture material may be 
utilized in similar way to deliver... 

..in concentrating the particle and then providing the therapeutic action. 
To illustrate, magnetic and photocatalytic nanoparticles may be formed 
into a composite, administered to a patient, concentrated in area of 
interest using magnetic field, and finally activated using photons in the 
concentrated area. As markers, nanoparticulate fillers- -coated or 
uncoated- -may be used for diagnosis of medical conditions. For example, 
fillers .. .magnetic resonance imaging or other techniques. In all of these 
applications, the possibility exists that nanoparticulates can be 
released into the body in a controlled fashion over a long time period. . . 



. . .by normal kidney action without the development of stones or other 
adverse side effects. While nanoparticulates may be removed naturally 
through kidney and other organs, they may also be filtered or removed 
externally through membranes or otherwise removed directly from blood or 
tissue. Carrier nanoparticulates may be reactivated externally through 
membranes and reused; for example, nutrient carriers may be removed. . . 

. . .partially or completely, into a non-stoichiometric form by heat treating 
the device in borane, ammonia , hydrogen, methane, or silane to form a 
non-stoichiometric boride, nitride, oxide, hydride, carbide, silicide, or 
a combination thereof. In another example, a sensor or battery device 
can be prepared from stoichiometric electrochemical materials which can 
then be transformed. . . 
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Description of the Invention: 

. . .of superior chemical sensing performance properties relative to most 
previously available systems. Sensing materials include nanoparticle 
composite sensors such as polymer composite sensors, sensors based on 
nanotubes, and sol-gel based. .. surf ace-modified colloidal metal particle 
sensors other than carbon black. These include surface-modified gold 
nanoparticles as chemical sensors similar to the surf ace -modified carbon 
blacks described above. Use of these... 

...a monolayer on the metal surface. In the present invention, both 

traditional polymer modified gold nanoparticles and biopolymer modified 
gold nanoparticles may be used as resistance based chemical and 
biological sensors. The resistive . read out provides... 

...vapor based on the array pattern. The C320 has been successfully tested 
as a point detector for TICs (e.g., hydrazine, ammonia , formaldehyde, 
ethylene oxide, insecticides) as well as CWAs (e.g., GA, GB, HN-3, VX. . . 
formulations, such as formulations of surface-modified carbon black 



sensors, intrinsically conducting sensors, surf ace -modified nanoparticle 

metal sensors, and nanotube based sensors for ink jetting. Once a 
formulation exists, physical deposition... 

..ink jetting candidates. Other useful ink- jetting materials and jettable 
formulations include surface modified gold nanoparticle formulations 
and nanotube formulations. Such formulations preferably have solid to 
solvent ratios in the range... 



4/3,KWIC/53 (Item 18 from file: 654) 

DIALOG (R) File 654 :US Pat. Full, 
(c) Format only 2006 Dialog. All rts. reserv. 

0005797398 * * IMAGE Available 
Derwent Accession: 2004-688688 

Nanomaterial compositions with distinctive shape and morphology 

Inventor: Yadav, Tapesh, INV 

Kostelecky, Clayton, INV 
Correspondence Address: HOGAN & HARTSON LLP, ONE TABOR CENTER, SUITE 
1500 1200 SEVENTEENTH ST, DENVER, CO, 80202, US 

Publication Application Filing 







Number 


Kind 


Date 




Number 


Date 


Main Patent 


US 


20040180203 


Al 


20040916 


us 


2004811628 


20040329 


Division 


US 


6602595 






us 


2002150722 


20020517 


Division 


US 


6344271 






us 


99274517 


19990323 


Division 


US 


6228904 






US 


9883893 


19980522 


Continuation 


PENDING 






US 


2003449278 


20030530 


CIP 


PENDING 






US 


2001790036 


20010220 


CIP 


US 


5905000 






US 


96739257 


19961030 


CIP 


US 


5952040 






US 


96730661 


19961011 


CIP 


us 


5851507 






US 


96706819 


19960903 


CIP 


us 


5788738 






US 


96707341 


19960903 


Provisional 










US 


60-107318 


19981106 


Provisional 










US 


60-111442 


19981208 


Provisional 










US 


60-49077 


19970609 


Provisional 










US 


60-69936 


19971217 


Provisional 










US 


60-79225 


19980324 



Full text Word Count: 33436 

Description of the Invention: 

...the filler may also be utilized as a means to time drug-release from 
a nanoparticle . A polymer coating may further be used to enable 
selective filtering, transfer, capture, and removal of species and 
molecules from blood into the nanoparticle . 

[. . . 

...0107] A nanoparticulate non- stoichiometric filler for biomedical 
operations might be a carrier or support for a drug... 

...might even be the drug itself. Possible administration routes include 
oral, topical, and injection routes. Nanoparticulates and 
nanocomposites are anticipated to also have utility as markers or as 
carriers for markers . . . 



.0108] In some examples of biomedical functions, magnetic 



non- stoichiometric nanopar tides such as ferrites may be utilized to 
carry drugs to a region of interest, where the particles may then be 
concentrated using a magnetic field. Photocatalytic non- stoichiometric 
nanoparticles can be utilized to carry drugs to a region of interest and 
then photoactivated. Thermally sensitive non- stoichiometric 
nanoparticles can similarly be utilized to transport drugs or markers or 
species of interest and then thermally activated in the region of 
interest. Radioactive non-stoichiometric nanoparticulate fillers are 
anticipated to have utility for chemotherapy. Nanoparticles suitably 
doped with genetic, cultured, or other biologically active materials may 
be utilized in a... 

...assist in concentrating the particle and then providing therapeutic 

action. To illustrate, magnetic and photocatalytic nanoparticles may be 
formed into a composite, administered to a patient, concentrated in area 
of interest . . . 

...activated using photons directed to the concentrated particles. As 

markers, coated or uncoated non-stoichiometric nanoparticulate fillers 
may be used for diagnosis of medical conditions. For example, fillers may 
be concentrated. . . 

...magnetic resonance imaging or other techniques. In all of these 
applications, the possibility exists that nanoparticulates can be 
released into the body in a controlled fashion over a long time period. . . 

...composition or with a phase that is compatible with the matrix 

composition. Such a coated nanoparticle is illustrated in FIG. 1, which 
shows a spherical nanoparticle 6 and a coating 8. In one embodiment, 
when embedding nanofillers in a polymer matrix... 

...the filler may also be utilized as a means to time drug-release from a 
nanoparticle . A polymer coating may further be used to enable selective 
filtering, transfer, capture, and removal of species and molecules from 
blood into the nanoparticle . 

[... 

...0142] A nanoparticulate filler for biomedical operations might be a 

carrier or support for a drug of interest . . . 
...might even be the drug itself. Possible administration routes include 

oral, topical, and injection routes. Nanoparticulates and 

nanocomposites may also have utility as markers or as carriers for 

markers . Their unique . . . 

...0143] In some examples of biomedical functions, magnetic nanoparticles 
such as ferrites may be utilized to carry drugs to a region of interest, 
where the particles may then be concentrated using a magnetic field. 
Photocatalytic nanoparticles can be utilized to carry drugs to region 
of interest and then photoactivated. Thermally sensitive nanoparticles 
can similarly be utilized to transport drugs or markers or species of 
interest and then thermally activated in the region of interest. 
Radioactive nanoparticulate fillers may have utility for chemotherapy. 
Nanoparticles suitably doped with genetic and culture material may be 
utilized in similar way to deliver... 

...in concentrating the particle and then providing the therapeutic action. 
To illustrate, magnetic and photocatalytic nanoparticles may be formed 
into a composite, administered to a patient, concentrated in area of 
interest using magnetic field, and finally activated using photons in the 



concentrated area. As markers, nanoparticulate fillers -coated or 
uncoated-may be used for diagnosis of medical conditions. For example, 
fillers exists that nanoparticulates can be released into the body in a 
controlled fashion over a long time period... 

. . .by normal kidney action without the development of stones or other 
adverse side effects. While nanoparticulates may be removed naturally 
through kidney and other organs, they may also be filtered or removed 
externally through membranes or otherwise removed directly from blood or 
tissue. Carrier nanoparticulates may be reactivated externally through 
membranes and reused; for example, nutrient carriers may be removed... 

. . .partially or completely, into a non- stoichiometric form by heat treating 
the device in borane, ammonia , hydrogen, methane, or si lane to form a 
non- stoichiometric boride, nitride, oxide, hydride, carbide, silicide, or 
a combination thereof In another example, a sensor or battery device 
can be prepared from stoichiometric electrochemical materials which can 
then be transformed. . . 
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Description of the Invention: 

...the filler may also be utilized as a means to time drug-release from 
a nanoparticle . A polymer coating may further be used to enable 
selective filtering, transfer, capture, and removal of species and 
molecules from blood into the nanoparticle . 



[. 



...0114] A nanoparticulate non- stoichiometric filler for biomedical 
operations might be a carrier or support for a drug... 

...might even be the drug itself. Possible administration routes include 
oral, topical, and injection routes. Nanoparticulates and 
nanocomposites are anticipated to also have utility as markers or as 
carriers for markers . . . 

...0115] In some examples of biomedical functions, magnetic 

non-stoichiometric nanoparticles such as ferrites may be utilized to 
carry drugs to a region of interest, where the particles may then be 
concentrated using a magnetic field. Photocatalytic non-stoichiometric 
nanoparticles can be utilized to carry drugs to a region of interest and 
then photoactivated. Thermally sensitive non-stoichiometric 
nanoparticles can similarly be utilized to transport drugs or markers or 
species of interest and then thermally activated in the region of 
interest. Radioactive non-stoichiometric nanoparticulate fillers are 
anticipated to have utility for chemotherapy. Nanoparticles suitably 
doped with genetic, cultured, or other biologically active materials may 
be utilized in a... 

...assist in concentrating the particle and then providing therapeutic 

action. To illustrate, magnetic and photocatalytic nanoparticles may be 
formed into a composite, administered to a patient, concentrated in area 
of interest . . . 

...activated using photons directed to the concentrated particles. As 

markers, coated or uncoated non-stoichiometric nanoparticulate fillers 
may be used for diagnosis of medical conditions. For example, fillers may 
be concentrated. . . 

...magnetic resonance imaging or other techniques. In all of these 
applications, the possibility exists that nanoparticulates can be 
released into the body in a controlled fashion over a long time period. . . 

...composition or with a phase that is compatible with the matrix 

composition. Such a coated nanoparticle is illustrated in FIG. 1, which 
shows a spherical nanoparticle 6 and a coating 8. In one embodiment, 
when embedding nanofillers in a polymer matrix. . .the filler may also be 
utilized as a means to time drug-release from a nanoparticle . A polymer 
coating may further be used to enable selective filtering, transfer, 
capture, and removal of species and molecules from blood into the 
nanoparticle . 

[. . . 

...0144] A nanoparticulate filler for biomedical operations might be a 

carrier or support for a drug of interest... 
...might even be the drug itself. Possible administration routes include 

oral, topical, and injection routes. Nanoparticulates and 

nanocomposites may also have utility as markers or as carriers for 

markers. Their unique... 

...0145] In some examples of biomedical functions, magnetic nanoparticles 
such as ferrites may be utilized to carry drugs to a region of interest, 
where the particles may then be concentrated using a magnetic field. 
Photocatalytic nanoparticles can be utilized to carry drugs to region 
of interest and then photoactivated. Thermally sensitive nanoparticles 



can similarly be utilized to transport drugs or markers or species of 
interest and then thermally activated in the region of interest. 
Radioactive nanoparticulate fillers may have utility for chemotherapy. 
Nanoparticles suitably doped with genetic and culture material may be 
utilized in similar way to deliver. . . 

...in concentrating the particle and then providing the therapeutic action. 
To illustrate, magnetic and photocatalytic nanoparticles may be formed 
into a composite, administered to a patient, concentrated in area of 
interest using magnetic field, and finally activated using photons in the 
concentrated area. As markers, nanoparticulate fillers-coated or 
uncoated-may be used for diagnosis of medical conditions. For example, 
fillers . . . 

...magnetic resonance imaging or other techniques. In all of these 
applications, the possibility exists that nanoparticulates can be 
released into the body in a controlled fashion over a long time period. . . 

. . .by normal kidney action without the development of stones or other 
adverse side effects. While nanoparticulates may be removed naturally 
through kidney and other organs, they may also be filtered or removed 
externally through membranes or otherwise removed directly from blood or 
tissue. Carrier nanoparticulates may be reactivated externally through 
membranes and reused; for example, nutrient carriers may be removed... 

. . .partially or completely, into a non- stoichiometric form by heat treating 
the device in borane, ammonia , hydrogen, methane, or silane to form a 
non-stoichiometric boride, nitride, oxide, hydride, carbide, silicide, or 
a combination thereof. In another example, a sensor or battery device 
can be prepared from stoichiometric electrochemical materials which can 
then be transformed 
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Description of the Invention: 

...vapor based on the array pattern. The C320 has been successfully 
tested as a point detector for TICs (e.g., hydrazine, ammonia , 



formaldehyde, ethylene oxide, insecticides) as well as CWAs (e.g., GA, 
GB, HN-3, VX. . .and are excellent ink jetting candidates. Other useful 
ink- jetting materials include surface modified gold nanoparticle 
formulations and nanotube formulations... 
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Summary of the Invention: 

...carbon nanotubes have been found to be sensitive to various gases, 
such as oxygen and ammonia , and these observations have confirmed the 
notion that such devices can operate as sensitive chemical sensors . 

[... 

...nanotubes grown on silicon or other substrates by chemical vapor 
deposition from iron-containing catalyst nanoparticles with 
methane/hydrogen gas mixture at 900 degree C. Other catalyst materials 
and gas mixtures 

Description of the Invention: 

...chemical vapor deposition (CVD) on 200 nm of silicon dioxide on 
doped silicon from iron nanoparticles with methane /hydrogen gas mixture 
at 900 degree C. Electrical leads may be patterned on... 

...microscope (AFM) image of one of the devices after exposure to 

streptavidin labeled with gold nanoparticles indicated the presence of 
streptavidin. Based on the image, it appeared that streptavidin was 
effectively. . . 
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Description of the Invention: 

...devices, a variety of other implantable structures, such as wires, 
coils, sheets, pellets, particles, and nanoparticles , and the like, may 
be treated with the gas plasma containing molecular species composed of 



..0134] Stainless steel surfaces treated in a glow discharge of ammonia 
alone, that is without oxygen, did not have any detectable N2, although 
a pronounced Nl peak was found. . . 
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Summary of the Invention: 

. . .material can optionally be stretched in order to achieve a still 
better orientation of the nanoparticles . Compared with those not 
containing nanoscale particles, such films exhibit a higher rigidity, a 
higher. . . 

...a layer that is situated on the outside of the film with PA 6 containing 
nanoparticles are also described. All the structures mentioned have as 
an advantage a high oxygen barrier... 

...6, such a film having the structure PA 6// (80% PA MXD6+20% PA containing 
nanoparticles ) //PA 6 do not exhibit any appreciable improvement in 
transparency. Such structures containing a high... 

Description of the Invention: 

. . .diazo paper. The number of blue -black spots on the diazo paper 
produced by the ammonia and detectable after 15 min is assigned to 
the number of buckling breaks in the film portion. . . 
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Summary of the Invention: 

...0004] Alternative techniques proposed, such as using nanoparticle 
probes (see, e.g. T.A. Taton et al., Science 289, 1757 (2000); and J... 

Description of the Drawings: 

...their surface layer. The arrow indicates the electronic conduction 
path. FIG. 1C shows a semiconductor nanoparticle coated with another 
material, with the arrows indicating the electronic conduction path... 

. . .provides a schematic of the nanotube field effect transistor (NTFET) 
that uses a network of nanoparticles as conducting channel . A polymeric 
functional layer, which coats the network, f unctionalized with a 
molecular. . . 

...image of the polymer-coated and biotinylated NTFET after exposure to 
streptavidin labeled with gold nanoparticles 



[ 



Description of the Invention: 

...percolation threshold". Preferable elements for use with embodiments 

of the invention include nanowires, nanotubes, and nanoparticles , such 

as metal oxides. Preferable elements for use with embodiments of the 

invention further include . . . 
...invention include compensation for buffer conductivity (e.g. same 

arrangement as above but without the nanoparticle network... 

...0035] Illustrative Nanoparticle Network Fabrication... 

...context of the embodiments of the invention disclosed herein, artisans 
will understand that the term " nanoparticle " includes bulk 
nanoparticles , such as oxide nanoparticles , cocoons, nanowires, 
nanofibres, nanotubes, bundles of nanotubes, fullerenes and the like... 

...the invention disclosed herein, artisans will understand that the term 
"network" comprises a collection of nanoparticles as defined above, 
providing a conduction path between two electrodes. The conducting path 
dominantly includes the nanoparticles in close proximity to each other, 
with the current flowing from one nanoparticle to the other, to the 
next, etc. In certain embodiments of the invention, networks are... 

...For example in embodiments of the invention, a network can include both 
semiconducting and metallic nanoparticles . 

I... 

...electronic devices where the sensing element is a continuous film and 
electronic devices with one nanoparticle element such as a nanowire or 
a nanotube. The disclosed architecture of the embodiments of... 

...addition, there is no need for patterned catalyst, and may be for a 
structure where nanoparticles are present in one location and not 
present in others on the wafer. Yet another... 

...size compatibility with proteins allowing protein selective 

immobilization. Yet another advantage is that as many nanoparticles act 
as the conducting element, statistical averaging will occur, strongly 
reducing the signal variation from. . . 

...and detection electronics. Yet another advantage is that by virtue of 
the large number of nanoparticles involved, the structure is also 
"defect tolerant... 

...as sensing element but the art can be equally well applied to a 

collection of nanoparticles , in particular to nanotube networks of to 
...Such devices have been found to be sensitive to various gases, such as 
oxygen and ammonia , and thus can operate as sensitive chemical sensors 
. The mechanism responsible for the change of device characteristic is 
thought to be a charge . . . 

...chemical vapor deposition (CVD) on 200 nm of silicon dioxide on doped 
silicon from iron nanoparticles with me thane /hydrogen gas mixture at 
900 degree C; electrical leads were patterned on top... 

. . .microscope (AFM) image of one of the devices after exposure to 

streptavidin labeled with gold nanoparticles is shown in FIG. 5. Light 
dots represent gold nanoparticles (10 nm) , and thus indicate the 
presence of streptavidin. Based on the image, we conclude... 



.the nanotube conducting channel. (This assumes that, on the average, one 
streptavidin molecule per gold nanoparticle is attached to the nanotube 



...According to an AFM image of the device (FIG. 5), there are about 100 
gold nanoparticles , and approximately 100 protein molecules (assuming 
one protein per gold nanoparticle binding to the tube) in close 
proximity to the carbon nanotube. Combining these two numbers... 

...the wafer is covered with patterned photoresist and is spin coated with 
growth promoter containing nanoparticles of iron encased within a 
mesoporous material [(a) Li, W. Z.; Xie, S. S.; Qian. . . 

...0079] (15) Streptavidin is labeled with gold nanoparticles for the 
purpose of AFM imaging. Streptavidin (from Streptomyces aVidinii, Sigma 
Chemicals) without gold labeling... 
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Description of the Invention: 

...the filler may also be utilized as a means to time drug-release from 
a nanoparticle . A polymer coating may further be used to enable 
selective filtering, transfer, capture, and removal of species and 
molecules from blood into the nanoparticle . 



. .A nanoparticulate non- stoichiometric filler for biomedical operations 
might be a carrier or support for a drug... 



. . .might even be the drug itself Possible administration routes include 
oral, topical, and injection routes. Nanoparticulates and 
nanocomposites are anticipated to also have utility as markers or as 
carriers for markers . . . 

...In some examples of biomedical functions, magnetic non-stoichiometric 
nanoparticles such as ferrites may be utilized to carry drugs to a 
region of interest, where the particles may then be concentrated using a 
magnetic field. Photocatalytic non-stoichiometric nanoparticles can be 
utilized to carry drugs to a region of interest and then photoactivated. 
Thermally sensitive non-stoichiometric nanoparticles can similarly be 
utilized to transport drugs or markers or species of interest and then 
thermally activated in the region of interest. Radioactive 
non-stoichiometric nanoparticulate fillers are anticipated to have 
utility for chemotherapy. Nanoparticles suitably doped with genetic, 
cultured, or other biologically active materials may be utilized in a... 

. . .assist in concentrating the particle and then providing therapeutic 

action. To illustrate, magnetic and photocatalytic nanoparticles may be 
formed into a composite, administered to a patient, concentrated in area 
of interest . . . 

...activated using photons directed to the concentrated particles. As 

markers, coated or uncoated non-stoichiometric nanoparticulate fillers 
may be used for diagnosis of medical conditions. For example, fillers may 
be concentrated. . . 

...magnetic resonance imaging or other techniques. In all of these 
applications, the possibility exists that nanoparticulates can be 
released into the body in a controlled fashion over a long time period... 

. . .partially or completely, into a non-stoichiometric form by heat treating 
the device in borane, ammonia , hydrogen, methane, or silane to form a 
non-stoichiometric boride, nitride, oxide, hydride, carbide, silicide, or 
a combination thereof. In another example, a sensor or battery device 
can be prepared from stoichiometric electrochemical materials which can 
then be transformed 
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Summary of the Invention: 

...hydrogen peroxide. The latex may contain particles of any size, 
although the particles are preferably nanoparticles and/or 
microparticles . The latex particles may be crystalline or amorphous, but 
are more preferably. . . 

Description of the Invention: 

...film surface was washed with water, quenched with glycine and 
blocked with 0.1% gelatin. Detection with a strepavidin horseradish 
peroxidase conjugate and a chemiluminescent HRP detection solution 
demonstrated biotin modification of the surface. A PHO film without 
ammonia gas plasma treatment was used as a control and demonstrated no 
biotin modification under identical... 



Non-exemplary or Dependent Claim (s) : 

. . .The method of claim 17 wherein the device is in the form of 
microparticles or nanoparticles . 

...The device of claim 41 wherein the device is in the form of 
microparticles or nanoparticles . 
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Description of the Invention: 

...the filler may also be utilized as a means to time drug-release from 
a nanoparticle . A polymer coating may further be used to enable 
selective filtering, transfer, capture, and removal of species and 
molecules from blood into the nanoparticle . 

[. . . 

...0113] A nanoparticulate non-stoichiometric filler for biomedical 
operations might be a carrier or support for a drug... 

...might even be the drug itself. Possible administration routes include 
oral, topical, and injection routes. Nanoparticulates and 
nanocomposites are anticipated to also have utility as markers or as 
carriers for markers . . . 

...0114] In some examples of biomedical functions, magnetic 

non-stoichiometric nanoparticles such as ferrites may be utilized to 
carry drugs to a region of interest, where the particles may then be 
concentrated using a magnetic field. Photocatalytic non-stoichiometric 
nanoparticles can be utilized to carry drugs to a region of interest and 
then photoactivated. Thermally sensitive non-stoichiometric 
nanoparticles can similarly be utilized to transport drugs or markers or 
species of interest and then thermally activated in the region of 
interest. Radioactive non-stoichiometric nanoparticulate fillers are 
anticipated to have utility for chemotherapy. Nanoparticles suitably 
doped with genetic, cultured, or other biologically active materials may 
be utilized in a. . . 

...assist in concentrating the particle and then providing therapeutic 

action. To illustrate, magnetic and photocatalytic nanoparticles may be 
formed into a composite, administered to a patient, concentrated in area 
of interest . . . 

...activated using photons directed to the concentrated particles. As 

markers, coated or uncoated non-stoichiometric nanoparticulate fillers 
may be used for diagnosis of medical conditions. For example, fillers may 
be concentrated. . . 

...magnetic resonance imaging or other techniques. In all of these 
applications, the possibility exists that nanoparticulates can be 
released into the body in a controlled fashion over a long time period. . . 
composition or with a phase that is compatible with the matrix 
composition. Such a coated nanoparticle is illustrated in FIG. 1, which 
shows a spherical nanoparticle 6 and a coating 8. In one embodiment, 
when embedding nanofillers in a polymer matrix... 

...the filler may also be utilized as a means to time drug-release from a 
nanoparticle . A polymer coating may further be used to enable selective 
filtering, transfer, capture, and removal of species and molecules from 
blood into the nanoparticle . 

[... 

...0143] A nanoparticulate filler for biomedical operations might be a 
carrier or support for a drug of interest... 



...might even be the drug itself. Possible administration routes include 
oral, topical, and injection routes. Nanoparticulates and 
nanocomposites may also have utility as markers or as carriers for 
markers. Their unique... 

...0144] In some examples of biomedical, functions , magnetic nanopar tides 
such as ferrites may be utilized to carry drugs to a region of interest, 
where the particles may then be concentrated using a magnetic field. 
Photocatalytic nanoparticles can be utilized to carry drugs to region 
of interest and then photoactivated. Thermally sensitive nanopar tides 
can similarly be utilized to transport drugs or markers or species of 
interest and then thermally activated in the region of interest. 
Radioactive nanopar ticul ate fillers may have utility for chemotherapy. 
Nanoparticles suitably doped with genetic and culture material may be 
utilized in similar way to deliver... 

...in concentrating the particle and then providing the therapeutic action. 
To illustrate, magnetic and photocatalytic nanoparticles may be formed 
into a composite, administered to a patient, concentrated in area of 
interest using magnetic field, and finally activated using photons in the 
concentrated area. As markers, nanoparticulate fillers-coated or 
uncoated-may be used for diagnosis of medical conditions. For example, 
fillers . . . 

...magnetic resonance imaging or other techniques. In all of these 
applications, the possibility exists that nanoparticulates can be 
released into the body in a controlled fashion over a long time period... 

...by normal kidney action without the development of stones or other 
adverse side effects. While nanoparticulates may be removed naturally 
through kidney and other organs, they may also be filtered or removed 
externally through membranes or otherwise removed directly from blood or 
tissue. Carrier nanoparticulates may be reactivated externally through 
membranes and reused; for example, nutrient carriers may be removed. . . 

. . .partially or completely, into a non-stoichiometric form by heat treating 
the device in borane, ammonia , hydrogen, methane, or silane to form a 
non-stoichiometric boride, nitride, oxide, hydride, carbide, silicide, or 
a combination thereof. In another example, a sensor or battery device 
can be prepared from stoichiometric electrochemical materials which can 
then be transformed 
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Summary of the Invention: 

...hydrogen peroxide. The latex may contain particles of any size, 
although the particles are preferably nanoparticles and/or 
microparticles . The latex particles may be crystalline or amorphous, but 
are more preferably. . . 

Description of the Invention: 

...film surface was washed with water, quenched with glycine and 
blocked with 0.1% gelatin. Detection with a strepavidin horseradish 
peroxidase conjugate and a chemiluminescent HRP detection solution 
demonstrated biotin modification of the surface. A PHO film without 
ammonia gas plasma treatment was used as a control and demonstrated no 
biotin modification under identical... 



Non- exemplary or Dependent Claim (s) : 

...The device of claim 1 wherein the device is in the form of 
microparticles or nanoparticles . 
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Description of the Invention: 

...devices, a variety of other implantable structures, such as wires, 
coils, sheets, pellets, particles, and nanoparticles , and the like, may- 
be treated with the gas plasma containing molecular species composed of 
...Stainless steel surfaces treated in a glow discharge of ammonia 
alone, that is without oxygen, did not have any detectable N2, although 
a pronounced Nl peak was found. . . 
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Description of the Invention: 

...the filler may also be utilized as a means to time drug-release from 
a nanoparticle . A polymer coating may further be used to enable 
selective filtering, transfer, capture, and removal of species and 
molecules from blood into the nanoparticle . 

. . .A nanoparticulate non- stoichiometric filler for biomedical operations 
might be a carrier or support for a drug... 

. . .might even be the drug itself Possible administration routes include 
oral, topical, and injection routes. Nanoparticulates and 
nanocomposites are anticipated to also have utility as markers or as 
carriers for markers . . . 

...In some examples of biomedical functions, magnetic non-stoichiometric 
nanoparticles such as ferrites may be utilized to carry drugs to a 
region of interest, where the particles may then be concentrated using a 
magnetic field. Photocatalytic non-stoichiometric nanoparticles can be 
utilized to carry drugs to a region of interest and then photoactivated. 



Thermally sensitive non- stoichiometric nanoparticles can similarly be 
utilized to transport drugs or markers or species of interest and then 
thermally activated in the region of interest. Radioactive 
non-stoichiometric nanoparticulate fillers are anticipated to have 
utility for chemotherapy. Nanoparticles suitably doped with genetic, 
cultured, or other biologically active materials may be utilized in a... 

. . .assist in concentrating the particle and then providing therapeutic 

action. To illustrate, magnetic and photocatalytic nanoparticles may be 
formed into a composite, administered to a patient, concentrated in area 
of interest . . . 

...activated using photons directed to the concentrated particles. As 

markers, coated or uncoated non-stoichiometric nanoparticulate fillers 
may be used for diagnosis of medical conditions. For example, fillers may 
be concentrated. . . 

...magnetic resonance imaging or other techniques. In all of these 
applications, the possibility exists that nanoparticulate s can be 
released into the body in a controlled fashion over a long time period. . . 

. . .partially or completely, into a non-stoichiometric form by heat treating 
the device in borane, ammonia , hydrogen, methane, or silane to form a 
non-stoichiometric boride, nitride, oxide, hydride, carbide, silicide, or 
a combination thereof. In another example, a sensor or battery device 
can be prepared from stoichiometric electrochemical materials which can 
then be transformed 
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Description of the Invention: 

...the filler may also be utilized as a means to time drug-release from 
a nanoparticle . A polymer coating may further be used to enable 
selective filtering, transfer, capture, and removal of species and 
molecules from blood into the nanoparticle . 



.A nanoparticulate non-stoichiometric filler for biomedical operations 



might be a carrier or support for a drug. 



...might even be the drug itself. Possible administration routes include 
oral, topical, and injection routes. Nanoparticulates and 
nanocomposites are anticipated to also have utility as markers or as 
carriers for markers . . . 

...In some examples of biomedical functions, magnetic non- stoichiometric 
nanoparticles such as ferrites may be utilized to carry drugs to a 
region of interest, where the particles may then be concentrated using a 
magnetic field. Photocatalytic non-stoichiometric nanoparticles can be 
utilized to carry drugs to a region of interest and then photoactivated. 
Thermally sensitive non-stoichiometric nanoparticles can similarly be 
utilized to transport drugs or markers or species of interest and then 
thermally activated in the region of interest. Radioactive 
non-stoichiometric nanoparticulate fillers are anticipated to have 
utility for chemotherapy. Nanoparticles suitably doped with genetic, 
cultured, or other biologically active materials may be utilized in a... 

...assist in concentrating the particle and then providing therapeutic 

action. To illustrate, magnetic and photocatalytic nanoparticles may be 
formed into a composite, administered to a patient, concentrated in area 
of interest . . . 

...activated using photons directed to the concentrated particles. As 

markers, coated or uncoated non-stoichiometric nanoparticulate fillers 
may be used for diagnosis of medical conditions. For example, fillers may 
be concentrated. . . 

...magnetic resonance imaging or other techniques. In all of these 
applications, the possibility exists that nanoparticulates can be 
released into the body in a controlled fashion over a long time period. . . 

. . .partially or completely, into a non-stoichiometric form by heat treating 
the device in borane, ammonia , hydrogen, methane, or silane to form a 
non-stoichiometric boride, nitride, oxide, hydride, carbide, silicide, or 
a combination thereof. In another example, a sensor or battery device 
can be prepared from stoichiometric electrochemical materials which can 
then be transformed 
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Description of the Drawings: 

...the filler may also be utilized as a means to time drug-release from a 
nanoparticle . A polymer coating may further be used to enable selective 
filtering, transfer, capture, and removal of species and molecules from 
blood into the nanoparticle . 



. . .A nanoparticulate non-stoichiometric filler for biomedical operations 
might be a carrier or support for a drug. . . 

...might even be the drug itself. Possible administration routes include 
oral, topical, and injection routes. Nanoparticulates and 
nanocomposites are anticipated to also have utility as markers or as 
carriers for markers . . . 

...In some examples of biomedical functions, magnetic non-stoichiometric 
nanoparticles such as ferrites may be utilized to carry drugs to a 
region of interest, where the particles may then be concentrated using a 
magnetic field. Photocatalytic non-stoichiometric nanoparticles can be 
utilized to carry drugs to a region of interest and then photoactivated. 
Thermally sensitive non-stoichiometric nanoparticles can similarly be 
utilized to transport drugs or markers or species of interest and then 
thermally activated in the region of interest. Radioactive 
non-stoichiometric nanoparticulate fillers are anticipated to have 
utility for chemotherapy. Nanoparticles suitably doped with genetic, 
cultured, or other biologically active materials may be utilized in a... 

...assist in concentrating the particle and then providing therapeutic 

action. To illustrate, magnetic and photocatalytic nanoparticles may be 
formed into a composite, administered to a patient, concentrated in area 
of interest . . . 

...activated using photons directed to the concentrated particles. As 

markers, coated or uncoated non-stoichiometric nanoparticulate fillers 
may be used for diagnosis of medical conditions. For example, fillers may 
be concentrated. . . 

...magnetic resonance imaging or other techniques. In all of these 
applications, the possibility exists that nanoparticulates can be 
released into the body in a controlled fashion over a long time period. . . 

...partially or completely, into a non-stoichiometric form by heat treating 
the device in borane, ammonia , hydrogen, methane, or silane to form a 
non-stoichiometric boride, nitride, oxide, hydride, carbide, silicide, or 
a combination thereof. In another example, a sensor or battery device 
can be prepared from stoichiometric electrochemical materials which can 
then be transformed 
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Description of the Invention: 

...the filler may also be utilized as a means to time drug-release from 
a nanoparticle . A polymer coating may further be used to enable 
selective filtering, transfer, capture, and removal of species and 
molecules from blood into the nanoparticle . 

. . .A nanoparticulate non- stoichiometric filler for biomedical operations 
night be a carrier or support for a drug. . . 

...might even be the drug itself. Possible administration routes include 
oral, topical, and injection routes. Nanoparticulates and 
nanocomposites are anticipated to also have utility as markers or as 
carriers for markers . . . 

...In some examples of biomedical functions, magnetic non-stoichiometric 
nanoparticles such as ferrites may be utilized to carry drugs to a 
region of interest, where the particles may then be concentrated using a 
magnetic field. Photocatalytic non-stoichiometric nanoparticles can be 
utilized to carry drugs to a region of interest and then photoactivated. 
Thermally sensitive non-stoichiometric nanoparticles can similarly be 
utilized to transport drugs or markers or species of interest and then 
thermally activated in the region of interest. Radioactive 
non-stoichiometric nanoparticulate fillers are anticipated to have 
utility for chemotherapy. Nanoparticles suitably doped with genetic, 
cultured, or other biologically active materials may be utilized in a... 



.assist in concentrating the particle and then providing therapeutic 



action. To illustrate, magnetic and photocatalytic nanoparticles may be 
formed into a composite, administered to a patient, concentrated in area 
of interest. . . 

...activated using photons directed to the concentrated particles. As 

markers, coated or uncoated non-stoichiometric nanoparticulate fillers 
may be used for diagnosis of medical conditions. For example, fillers may 
be concentrated. . . 

...magnetic resonance imaging or other techniques. In all of these 
applications, the possibility exists that nanoparticulates can be 
released into the body in a controlled fashion over a long time period. . . 

. . .partially or completely, into a non-stoichiometric form by heat treating 
the device in borane, ammonia , hydrogen, methane, or silane to form a 
non-stoichiometric boride, nitride, oxide, hydride, carbide, silicide, or 
a combination thereof In another example, a sensor or battery device 
can be prepared from stoichiometric electrochemical materials which can 
then be transformed 
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Magneitc- nanoparticle conjugates and methods of use 

Abstract : 

The present invention provides novel compositions of binding moiety- 
nanoparticle conjugates, aggregates of these conjugates, and novel 
methods of using these conjugates, and aggregates. The nanoparticles in 
these conjugates can be magnetic metal oxides, either monodisperse or 
polydisperse . Binding moieties can... 

Summary of the Invention: 

...0002] This invention relates to magnetic nanoparticle conjugates 
and methods of use . . . 

...particle; their effects on water relaxation rate are unspecified and not 
relevant to their application. Nanoparticles do not respond to the 
weak, magnetic fields of hand held magnets... 



.0009] In another example, WO 01/19405 describes the preparation and 
uses of magnetic nanoparticles with various biomacromolecules attached 

.new magnetic conjugates and methods for their synthesis and use. Each 
conjugate comprises a magnetic nanoparticle linked to a binding moiety 
that specifically binds to a target in a sample, such. . . 

.and, in some aspects of the invention, at least two populations of the 
binding moiety- nanoparticle conjugates. Each conjugate in a population 
has a plurality, e.g., two, three, four, or more, of a single type of 
binding moiety attached to a nanoparticle . The nanoparticle is 
composed of a magnetic metal oxide and one or more functional groups, e.g 

.included, they contain functional groups that enable the binding moiety 
to be attached to the nanoparticle to form the conjugate. The polymer 
can be a natural polymer, a synthetic polymer, a. . . 

.carboxy, amino, or sulfhydryl groups. In some embodiments, the binding 
moiety is attached to the nanoparticle through disulfide groups. The 
metal oxides can also be associated with non-polymer functional groups to 
form the nanoparticles . 

[. . . 

.oxide contains superparamagnetic iron oxide crystals. The 
superparamagnetic character of the iron oxide of the nanoparticle makes 
it a potent enhancer of water relaxation rates, an enhancement that is 
altered when. . . 

.invention features an aggregate including a plurality of conjugates, 
wherein each conjugate includes a magnetic nanoparticle linked to a 
binding moiety that specifically binds to a target molecule, to another 
binding. . . 

..specifically bind to a target molecule, wherein each conjugate in the 
first population comprises a nanoparticle including a magnetic metal 
oxide (e.g., a superparamagnetic metal oxide) linked to a plurality... 

..site on the target molecule, and wherein each conjugate in the second 
population comprises a nanoparticle comprising a magnetic metal oxide 
linked to a plurality of second binding moieties that bind... 

..0024] These compositions can include conjugates that further include 
functional groups that link the nanoparticles to the binding moieties. 
The functional groups can be amino, carboxy, or sulfhydryl groups. 
Alternatively, the conjugates can further include a polymer associated 
with the nanoparticles , and wherein the functional groups are bound to 
the polymer and to the binding moieties . . . 

..covalent bond or by a disulfide bond. For example, oligonucleotides can 
be attached to the nanoparticles by a single covalent bond at the 3 ' or 
5' end of each oligonucleotide... 

..between about 15 and 100 mM[sup]-l sec [sup] -1. In particular 
embodiments, the nanoparticle is an amino-derivatized cross-linked iron 
oxide nanoparticle . 
[-.. 



.0026] In another aspect, the invention features a conjugate including a 



magnetic nanoparticle linked to a first binding moiety, wherein the 
first binding moiety includes a cleavage site... 

...target molecule to form an aggregate, wherein each conjugate in the 

first population includes a nanoparticle that includes a magnetic metal 
oxide linked to a plurality of first binding moieties that... 

...site on the target molecule, and wherein each conjugate in the second 
population includes a nanoparticle including a magnetic metal oxide 
linked to a plurality of second binding moieties that bind. . . 

. . .are capable of forming an aggregate, wherein each conjugate in a first 
population includes a nanoparticle including a magnetic metal oxide 
linked to a first binding moiety, wherein the first binding. . . 

. . .of a target molecule in a sample, by obtaining first and second 

populations of oligonucleotide- nanoparticle conjugates, wherein each 
conjugate in the first population includes a nanoparticle having a 
magnetic metal oxide associated with a polymer having functional groups; 
and a plurality of first oligonucleotides attached to the functional 
groups on the nanoparticle ; and wherein each conjugate in the second 
population includes a nanoparticle having a metal oxide associated with 
a polymer having functional groups; and a plurality of second 
oligonucleotides attached to the functional groups on the nanoparticle ; 
wherein the first and second oligonucleotides are each complementary to 
first and second portions of... 

...in the other populations; preparing a mixture of the first and second 
populations of oligonucleotide- nanoparticle conjugates; obtaining a 
fluid sample; contacting the mixture with the sample under conditions 
that enable. . . 

...as a nucleic acid or polypeptide) from a sample by obtaining a conjugate 
including a nanoparticle having a magnetic metal oxide linked by a 
cleavable bond (e.g., a reducible disulfide... 

...purification of nucleic acids or materials hybridizing to nucleic acids. 
The conjugates can be oligonucleotide- nanoparticle conjugates having a 
reducible disulfide bond to couple the oligonucleotides to the 
nanoparticles , and as a result reducing agents can separate the 
oligonucleotides from the nanoparticles at a desired time. Materials 
bound to the oligonucleotide portion of these oligonucleotide 
nanoparticle conjugates, such as double- stranded nucleic acids, can be 
obtained by the use of reducing... 

...nucleic acid in a plurality of samples, by obtaining first and second 
populations of oligonucleotide- nanoparticle conjugates, wherein each 
conjugate in the first population includes a nanoparticle having a 
magnetic metal oxide associated with a polymer having functional groups; 
and a plurality of first oligonucleotides attached to the functional 
groups on the nanoparticle , and wherein each conjugate in the second 
population includes a nanoparticle having a metal oxide associated with 
a polymer having functional groups; and a plurality of second 
oligonucleotides attached to the functional groups on the nanoparticle ; 
wherein the first and second oligonucleotides are each complementary to 
first and second portions of... 

...in the other populations; preparing a mixture of the first and second 
populations of oligonucleotide- nanoparticle conjugates; obtaining a 
plurality of fluid samples; contacting a portion of the mixture with each 



...the samples to hybridize to the first and second oligonucleotides of 
both populations of oligonucleotide- nanoparticle conjugates; and 
simultaneously obtaining the relaxation properties of the fluid in each 
of the plurality. . . 

...administering to the subject at least one population of conjugates, 
wherein each conjugate includes a nanoparticle having a magnetic metal 
oxide linked to a binding moiety that specifically binds to the... 

...levels of mRNA in cells using a mixture of populations of 

superparamagnetic oligonucleotide -iron oxide nanoparticle conjugates 
and MR imaging. When the conjugates react with a target, e.g., mRNA, the 



...array format. In yet another embodiment, the invention features a method 
in which the oligonucleotide- nanoparticle conjugates and an MR detector 
are used to determine the pattern of gene expression in 

Description of the Drawings: 

...scheme in which alkanethiooligonucleotides were reacted with 
N-succinimidyl 3 - (2 -pyridyldithio) propionate (SPDP) activated 
nanoparticles to form nanoparticle conjugates PI and P2 . PI and P2 
hybridize with complementary oligonucleotides followed by aggregation and 
magnetic relaxivity changes. Dithiothreitol (DTT) treatment breaks the 
bond between nanoparticle and alkanethiooligonucleotide. . . 

...FIGS. 2A to 2D are images of test tubes illustrating the effect of 
incubating oligonucleotide- nanoparticle conjugates with 
oligonucleotides. From left to right, 2A: PI and P2; 2B: PI, P2 plus... 

... 0048] FIGS . 3A and 3B are images of gel electrophoresis of a 

P1/P2 /oligonucleotide nanoparticle precipitate. FIG. 3A shows a gel run 
in non- denaturing conditions. Lane 1: No DTT... 

...of a turbid medium (INTRALIPID (R) ) after a complementary oligonucleotide 
is added to an oligonucleotide nanoparticle conjugate mixture, PI and 
P2. DTT was added after 180 minutes... 

...with total RNA extracted from various cell lines. FIG. 9B is an image of 
the nanoparticle conjugates with lysed cells from WT or GFP+human 
glioma lysate two hours following hybridization. . . 

...0055] FIG. 10A is a graph illustrating the incubation of anti-GFP-Pl 
nanoparticle conjugates with GFP or BSA protein resulting in a 
significant decrease in T2 . FIG. 10B. . . 

Description of the Invention: 

... or polysaccharide) linked, e.g., covalently or non-covalently, to a 
magnetic, e.g., superparamagnetic, nanoparticle . The binding moiety 
causes a specific interaction with a target molecule (or, in some 
embodiments . . . 

. . .0059] Nanoparticles 

[... 

...0060] Nanoparticles can be monodisperse (a single crystal of a 
magnetic material, e.g., metal oxide, such as superparamagnetic iron 



oxide, per nanoparticle ) or polydisperse (a plurality of crystals, 
e.g., 2, 3, or 4, per nanoparticle ). The magnetic metal oxide can also 
comprise cobalt, magnesium, zinc, or mixtures of these metals... 

..superparamagnetic compounds and magnetite, gamma ferric oxide, or 
metallic iron. Important features and elements of nanoparticles that 
are useful to produce the new conjugates include: (i) a high relaxivity, 
i.e... 

..can be covalently attached, (iii) a low non-specific binding of 
interactive moieties to the nanoparticle , and (iv) stability in 
solution, i.e., the nanoparticles do not precipitate... 

..0061] In all embodiments, the nanoparticles are attached (linked) to 
the binding moieties via functional groups. In some embodiments, the 
nanoparticles are associated with a polymer that includes the functional 
groups, and also serves to keep... 

..0062] In other embodiments, the nanopar tides are associated with 
non-polymeric functional group compositions. Methods are known to 
synthesize stabilized, f unctionalized nanoparticles without associated 
polymers, which are also within the scope of this invention. Such methods 
are. . . 

..0063] The nanoparticles have an overall size of less than about 1-100 
nm. The metal oxides are... 

..e.g., about 5 to 20 nm thick or more. The overall size of the 
nanoparticles is about 15 to 200 nm, e.g., about 20 to 100 nm, about 40 

..0065] Synthesis of Nanoparticles 

[... 

..0066] There are varieties of ways that the nanoparticles can be 
prepared, but in all methods, the result must be a nanoparticle with 
functional groups that can be used to link the nanoparticle to the 
binding moiety. . . 

. . functionalized polymer or to non-polymeric surf ace-functionalized metal 
oxides. In the latter method, the nanoparticles can be synthesized 
according to the method of Albrecht et al . , Biochimie, 80 (5-6... 

..0068] In another embodiment, oligonucleotides are attached to magnetic 
nanoparticles via a functionalized polymer associated with the metal 
oxide. In some embodiments, the polymer is... 

. .made using oligonucleotides that have terminal amino, sulfhydryl, or 
phosphate groups, and superparamagnetic iron oxide nanoparticles 
bearing amino or carboxy groups on a hydrophilic polymer. There are 
several methods for synthesizing carboxy and amino derivatized- 
nanoparticles . Methods for synthesizing functionalized, coated 
nanoparticles are discussed in further detail below. . . 

..0069] Carboxy functionalized nanoparticles can be made, for example, 
according to the method of Gorman (see WO 00/61191... 

..salts are mixed together and are then neutralized with ammonium 
hydroxide. The resulting carboxy functionalized nanopar tides can be 
used for coupling amino functionalized oligonucleotides, see Table 1... 



.0070] Carboxy-functionalized nanoparticles can also be made from 
polysaccharide coated nanoparticles by reaction with bromo or 
chloroacetic acid in strong base to attach carboxyl groups. In addition, 
carboxy-functionalized particles can be made from amino-functionalized 
nanoparticles by converting amino to carboxy groups by the use of 
reagents such as succinic anhydride... 

.0071] Nanoparticle size can be controlled by adjusting reaction 
conditions, for example, by using low temperature during. . . 

.0072] Nanoparticles can also be synthesized according to the method 
of Molday (Molday, R. S. and D. . . 

. .52 (3) :353-67, and treated with periodate to form aldehyde groups. The 
aldehyde -containing nanoparticles can then be reacted with a diamine 
(e.g., ethylene diamine or hexanediamine) , which will... 

..0073] Dextran-coated nanoparticles can be made and cross-linked with 
epichlorohydrin. The addition of ammonia will react with epoxy groups 
to generate amine groups, see Hogemann, D., et al., Improvement of MR I 
probes to allow efficient detection of gene expression Bioconjug. Chem. 
2000. 11(6): 941-6, and Josephson et al . , "High... 

..0074] Carboxy-functionalized nanoparticles can be converted to 
amino-functionalized magnetic particles by the use of water-soluble 
carbodiimides . . . 

..0075] Avidin or streptavidin can be attached to nanoparticles for use 
with a biotinylated binding moiety, such as an oligonucleotide or 
polypeptide. See e. . . 

..cells," Bioconjug. Chem., 1996, 7(3):311-6. Similarly, biotin can be 
attached to a nanoparticle for use with an avidin- labeled binding 
moiety. . . 

..0076] In all of these methods, low molecular weight compounds can be 
separated from the nanoparticles by ultra- filtration, dialysis, 
magnetic separation, or other means. The unreacted oligonucleotides can 
be separated from the oligonucleotide- nanoparticle conjugates, e.g., by 
magnetic separation or size exclusion chromatography... 

..0080] In certain embodiments, the binding moieties are 
oligonucleotides, attached to the nanoparticles using any one of a 
variety of chemistries, by a single, e.g., covalent, bond, e.g., at the 
3' or 5' end to a functional group on the nanoparticle . 

[. . . 

..of the new in vitro assay methods uses at least two populations of 
oligonucleotide magnetic nanoparticles , each with strong effects on 
water relaxation (see Table 2) . As the oligonucleotide- nanoparticle 
conjugates react with a target oligonucleotide, they form aggregates 
(100-500 nm; aggregates were 215... 

..the relaxation properties of the solvent, which are altered when the 
mixture of magnetic oligonucleotide nanoparticles reacts with a target 
nucleic acid to form aggregates... 

..is the need for a mixture of at least two types of magnetic metal oxide 
nanoparticles , each with a specific sequence of oligonucleotide, and 
each with more than one copy of the oligonucleotide attached, e.g., 
covalently, per nanoparticle . The assay protocol involves preparing a 
mixture of populations of oligonucleotide- nanoparticle conjugates and 



reacting the mixture with a target nucleic acid. Alternatively, 
oligonucleotide- nanoparticle conjugates can be reacted with the target 
in a sequential fashion. A second feature of... 

...analytical method is the use of magnetic resonance to detect the 

reaction of the oligonucleotide- nanoparticle conjugates with the target 
nucleic acid. When a target is present, the dispersed conjugates self... 

...synthesized by methods known in the art, and used in conjunction with an 
avidin-bound nanoparticle . 

[- ■ • 

...Similar bifunctional conjugation reagents, such as SPDP and reacting 
with the amino group of the nanoparticle and thiol group of the 
polypeptide, can be used with any thiol bearing binding moiety... 

...is low. For example, up to twenty 2 kDa peptides can be attached to a 
nanoparticle , calculated assuming 2 064 iron atoms per nanoparticle . 
With larger binding moieties like proteins (generally greater than about 
3 0 kDa) the same mass of attached polypeptide results in only 
approximately 1-4 binding moieties per nanoparticle . Second, 
polypeptides can be engineered to have uniquely reactive residues, distal 
from the residues required for biological activity, for attachment to the 

nanoparticle . The reactive residue can be a cysteine thiol, an 
N- terminal amino group, a C. . . 

...or an ectodomain of a cell surface protein. In each case, the resulting 
binding moiety- nanoparticle is used to measure the presence of analytes 
in a test media reacting with the... 

...a covalent bond, at one of the two ends, to a functional group on the 
nanoparticle . The polysaccharides can be synthetic or natural. Mono-, 
di-, tri- and polysaccharides can be used... 

...osazones, sugar alcohols, sugar acids, sugar phosphates when used with 
appropriate attachment chemistry to the nanoparticle . 

[. . . 

...0106] A generally useful method of accomplishing linking is to couple 
avidin to a magnetic nanoparticle and react the avidin- nanoparticle 
with commercially available biotinylated polysaccharides, to yield 
polysaccharide- nanoparticle conjugates. For example, sialyl Lewis based 
polysaccharides are commercially available as biotinylated reagents and 
will... 

...0111] Coupling of Binding Moieties to Nanopar tides to Prepare 
Conjugates . . . 

...0112] The conjugates are prepared by linking two or more binding 
moieties to each magnetic nanoparticle . A general procedure for 
synthesizing amino-cross linked iron oxide nanoparticle begins with the 
synthesis of a dextran coated superparamagnetic iron oxide. There are a 
variety. . . 

...0114] Coupling of Oligonucleotides to Nanoparticles 
[... 

...reactive 3', 5', or both termini. One terminus is attached to the 
surface of the nanoparticle , leaving the other terminus free for 



attachment to another molecule, e.g., a biotin group... 

...techniques and reagents that can be used to couple oligonucleotides to 
amino- or carboxy-f unctionalized nanoparticles . The general strategy is 
to provide an oligonucleotide with a unique reactive group on the... 

...end are of particular value, and are commercially available. They can be 
coupled to amino- nanoparticles through the use of reagents such as 
N-succinimidyl 3- (2 -pyridyldithio) propionate (SPDP) and long chain SPDP 
(Ic-SPDP) that produce a cleavable disulfide bond between the 
nanoparticle and the oligonucleotide. Amino- nanoparticles can also be 
reacted with reagents such as succinimidyl-iodoacetate to produce 
non-cleavable bonds between the nanoparticle and oligonucleotide... 

...0117] Thus, nanoparticles can be conjugated to oligonucleotides 
through a variety of conjugation chemistries. See U.S. Pat... 

...0119] In other embodiments, populations of nanoparticle conjugates 
can be synthesized by allowing biotinylated oligonucleotides, 
polypeptides, or polysaccharides, to react with avidin (or 
streptavidin) -bound nanoparticles . Here a non-covalent , but tight, bond 
between the biotinylated binding moiety, e.g., oligonucleotide, and 
avidin of the nanoparticle attaches the oligonucleotide to the 
nanoparticle . Oligonucleotide- nanoparticle conjugate populations 
prepared in this fashion are analogous to those prepared with covalent 
chemistries (Table. . . 

...the formation of aggregates and changes in T2 . In this case, two 

populations of oligonucleotide- nanoparticle conjugates are formed when 
the avidin- nanoparticle is reacted with two biotinylated 
oligonucleotides. An advantage of this indirect capture method is that... 

...that react with a target oligonucleotide are far smaller, and hence 
react faster, than oligonucleotide- nanoparticle conjugates. 
Biotinylated-oligonucleotides have molecular weights less than 50 kDa, 
while oligonucleotide- nanoparticle conjugates have molecular weights 
greater than about 1000 kDa (e.g., 1000, 2000, 3500, 5000... 

...0122] Coupling of Polypeptides and Antibodies to Nanoparticles 

[... 

...reactive 3 1 , 5', or both termini. One end is linked to the surface of 
the nanoparticle , leaving the other end free for attachment to another 
molecule, e.g. , a biotin group. . . 

...0124] The conjugation of polypeptides to nanoparticles can be 

accomplished by a large number of conjugation chemistries and reagents 
some of which are also used for attaching oligonucleotides to 
nanoparticles , see Table 1. A preferred general strategy is to use one 
of the large number of bifunctional agents that can be reacted first with 
the amino group of the nanoparticle , and secondly with the thiol group 
of the polypeptide (or biomolecule) . Examples of such bifunctional... 

...The bifunctional agent is dissolved in DMSO and reacted in excess with 
the amino f unctionalized nanoparticle at pH 8 using a non-amine 
containing buffer (e.g., borate, phosphate). Unreacted bifunctional... 

...Tat peptide conjugates, Bioconjugate Chemistry, 10, 186-91; Perez et al . 
(2 002) DNA-based magnetic nanoparticle assembly acts as a magnetic 



relaxation nanoswitch allowing screening of DNA-cleaving agents, Journal 
of . . . 

...synthesized by allowing a biotinylated antibody or antibody fragment to 
react with avidin (or streptavidin) nanoparticles . Here a non-covalent , 
but tight, bond between the biotinylated antibody and avidin of the 
nanoparticle attaches the antibody to the nanoparticle . 

[... 

...another embodiment, a natural or synthetic polypeptide is covalently or 
non-covalently attached to the nanoparticle while the other terminal is 
biotinylated. . . 

...invention, both ends of the polypeptide are biotinylated and avidin is 
directly attached to the nanoparticle . 

[..- 

...another embodiment, both termini of the peptide are covalently or 
non-covalently attached to two nanoparticles . 

[... 

...0129] Coupling of Polysaccharides to Nanoparticles 

[... 

...for preparing polysaccharides with reactive ends. One end is attached to 
the surface of the nanoparticle , leaving the other end free for 
attachment to another molecule. For example, as described above... 

...the polysaccharide can be biotinylated on both termini and exposed to 
avidin linked to a nanoparticle . 

[. . . 

...contains 2 to about 20 (e.g., 3, 5, 7, 10, 15, or 20) individual 

nanoparticle conjugates held together by the interaction (e.g., binding) 
of the binding moiety with a target, or with another binding moiety. The 
association of the nanoparticles is mediated by the attached 
biomolecules and not by nanoparticle non-specific attractions. This 
aggregate is approximately 100-500 nm (e.g., 200, 250, 300... 

. . .mesh. The size of the openings can be controlled by adjusting the size 
of the nanoparticles and the size of the binding moieties on each 
conjugate. The small aggregates are stable... 

...cluster, which is, in effect, an aggregate of aggregates. The cluster 
contains greater than 20 nanoparticles and is greater than 500 nm in 
size. The cluster is not useful since it... 

...0135] The nanoparticle conjugates can be used as magnetic nanosensors 
or magnetic relaxation switches (MRS) in various detection. . . 

. . .non-degradable oligonucleotide analogs (e.g., peptide nucleic acid or 
PNA) may be coupled to nanopar tides and used to image sequences of 
nucleic acids in vivo. Nontoxicity is evident from the use of magnetic 
nanoparticles as the active ingredient of COMBIDEX(R), a nanoparticle 
-based MR contrast agent, which has been judged approvable by the FDA 
(January 1999) . COMBIDEX the examples described herein consists of 



monodisperse or polydisperse, fluid-phase nanoparticles containing 
superparamagnetic Fe [sub] 20 [sub] 3/Fe [sub] 30 [sub] 4 (3-5 nm. . . 

. . .hybridization conditions are established by methods well known in the 
art. Hybridization of the oligonucleotide- nanoparticle conjugates to 
the target nucleic acids is typically performed under moderate to high 
stringency conditions... 

. . .varied to achieve the optimal level of identity between the base 

sequences of the oligonucleotide- nanoparticle conjugates and those of 
the target oligonucleotide or nucleic acid being detected. These 
techniques and. . . 

...0144] The nanoparticles PI and P2 are potent enhancers of the 
spin-spin and spin-lattice relaxation processes... 

...0145] The effect of temperature cycling on the hybridization of the 
oligonucleotide nanoparticle was investigated by measuring changes in 
T2 values (FIG. 5). At 80 [degree sign] C. . . 

...representative T2 changes were observed. Furthermore, upon addition of 
DTT, oligonucleotides were cleaved from the nanoparticles and T2 did 
not change during further temperature cycling. These results indicate 
that oligonucleotide hybridization. . . 

...0147] A unique feature of the magnetic nanoparticles is that they are 
highly stable to temperature fluctuations and to different ionic media. 
This. . . 

...0152] Uses of Binding Moiety- Nanoparticle Conjugates... 

...0159] First, HYRAS involves the assay of nucleic acids using 
superparamagnetic iron oxide nanoparticles , and is based on the 
observation that nucleic acids do not non-specif ically adsorb to... 

...contain a multiplicity of phosphate groups, do not interact 
non-specif ically with the iron oxide nanoparticles . 

[... 

...0160] Second, to produce the needed aggregation of nanoparticles by a 
specific target nucleotide, two types of oligonucleotide- nanoparticles 
are needed, each with a single type of oligonucleotide attached, each 
reacting with a different... 

...target complementary oligonucleotide (see FIG. 1). If two different 
oligonucleotides were coupled to the sample nanoparticle , the target 
nucleic acid would hybridize to the oligonucleotides on the same particle 
and no. . . 

...4 of U.S. Pat. No. 5,164,297. In contrast, in HYRAS, when 

oligonucleotide- nanoparticles react with a target nucleotide to form 
aggregates there is a decrease in T2 . . . 

...gold based colorimetric assays described in WO 98/04740. In one method 
using the gold nanoparticles , the color change is determined in 
solution, which requires a non-turbid, non-opaque solution. . . 

...In the present invention, neither separation nor amplification steps are 
used. Instead, the presence of nanoparticle aggregate is detected by 



MR. The invention can be distinguished by the ability to "see... 

..CLIO, as described herein. Alternatively, non-polymer coated iron oxide 
particles can be used. The nanoparticles are then coupled to specific 
oligonucleotides as shown, e.g., in FIG. 1. The resulting 
oligonucleotide- nanoparticle conjugates are then formulated in a 
physiologically acceptable media (e.g., saline or isotonic mannitol . . . 

..the mRNA of interest and is bound at the 3' or 5' termini to the 
nanoparticle . A second conjugate is synthesized with a oligonucleotide 
sequence complementary to a different but proximate... 

..below. Here a microtiter plate is prepared where each well contains 
different combinations of oligonucleotide- nanoparticles , i.e., 
combinations of oligonucleotides with different sequences attached to the 
same magnetic nanoparticle . The sequences of the oligonucleotides are 
chosen to permit hybridization, followed by aggregation and T2 . . . 

..in a sample. In this method, antibodies are linked covalently or 
non-covalently to the nanoparticle . To ensure that the antigen binding 
site is exposed, the C-terminus of the antibody or antibody fragment is 
attached to the nanoparticle . Monoclonal antibodies can be used for 
this method. A feature of this method is the need for a mixture of at 
least two types of nanoparticles , each with a specific binding moiety, 
e.g., monoclonal antibody attached. The antibodies are directed... 

..0169] In another aspect of the invention, a polyclonal antibody can be 
attached to the nanoparticle . Since by definition these antibodies are 
multivalent, only a single population of conjugates is required... 

..g., an antibody, in solution. In this assay, the antigen will be bound 
to the nanoparticle and placed into a sample. If an antibody directed 
to the antigen is present, binding. . . 

..In another embodiment, the binding moiety can be a receptor-binding 
protein bound to the nanoparticle . When applied to a solution of cells, 
clustering of a cell surface receptor will result... 

. .A peptide sequence with a serine or tyrosine kinase recognition site is 
attached to a nanoparticle at one terminal end. Addition of a solution 
containing a kinase will result in the... 

..target molecules in a sample solution. The assay is based on the 
attachment to the nanoparticle of a natural or synthetic peptide that 
has an internal enzymatic site. Biotin is attached... 

..internal hydrolytic sequence can have biotin attached to both termini. 
Avidin is attached to the nanoparticles and mixed with the biotinylated 
peptide in a sample. Since one avidin molecule binds four... 

..0179] In another aspect of the invention, immediate aggregation is 
induced by attaching a nanoparticle to both termini of the peptide. The 
conjugate is placed in the sample and the... 

..can form a dam methylation site (GATC) . The hybridization results in 
aggregation of the attached nanoparticle and a measurable decrease in 
T2. Upon contact with a methylase, the adenine and cytosine... 

. .endonuclease restriction site (e.g., EcoRI, BamHI, PvuII) . Hybridization 
of the oligonucleotides also aggregates the nanoparticles attached to 
the oligonucleotides resulting in a decreased T2 . In this case, the 



presence of . . . 

. .Synthesis of Superparamagnetic Iron Oxide Nanoparticles 
[... 

..0184] Biocompatible, fluid phase magnetic nanoparticles 
(NH [sub] 2 -CLIO) were synthesized as described and reacted with 
N-succinimidyl 3- (2 . . . 

..Conjugation of Nanoparticles to Alkanethiol Oligonucleotide... 

. .Use of Nanoparticle Conjugates in Turbid Media. . . 

..0192] Equimolar amounts in iron of oligonucleotide- nanoparticle 
conjugates denoted PI and P2 were diluted in a 10% Fat Emulsion 
(Intralipid(R) 10... 

..0193] Equimolar amounts in iron of oligonucleotide- nanoparticles 
denoted PI and P2 were diluted with 1 M NaCl in 0.1 M sodium... 

..because T2 drops. This is due to a hybridization- induced formation of 
aggregates between oligonucleotide- nanoparticle . No binding occurs with 
non-complementary targets, and thus, there is no change in T2...and the 
mixture was incubated for 3.5 hours at room temperature. The avidin-CLIO 
nanoparticle was separated from unreacted avidin using a magnetic 
separation column (Miltenyi Biotec, Auburn, Calif.). Iron... 

..determined spectrophotometrically , and protein by the BCA method 
(Pierce) . The number of avidins attached per nanoparticle was 
calculated using a molecular weight of 67 kDa for avidin and 2 064 Fe 
atoms . . . 

..0199] Avidin-CLIO nanoparticles made as described above were reacted 
with biotinylated polyclonal anti-GFP (Research Diagnostics Inc.) and... 

. . CGC-ATT- (CH [sub] 2 ) [sub]3-SH (SEQ ID NO:17) were conjugated to 
nanoparticles as described in Example 3. The resulting conjugates 
(Magnetic Relaxation Switches, MRS) , denoted PI (AAT. . . 

..After a one-hour incubation with BamHI, the aggregates were no longer 
present and monodisperse nanoparticle conjugates (50-60 nm) were 
observed instead (FIG. 12b... 

..Protein Assay Using Monoclonal Antibody- Nanoparticle Conjugates... 
..0206] Monoclonal antibodies can be coupled to polymer coated magnetic 

nanoparticles using a variety of chemistries (see, e.g., Weissleder et 

al. , U.S. Pat. No. . . 

..0207] In this assay format a PI (first monoclonal attached to a 
nanoparticle ) and P2 (second monoclonal attached to a nanoparticle ) 
are synthesized in separate reactions. The target protein must contain 
epitopes for both monoclonals, so... 

..in solution, the monoclonal antibodies will bind both epitopes on the 
antigen, thereby aggregating the nanoparticles , resulting in a decrease 
of T2 . . . 

Exemplary or Independent Claim (s) : 

1. An aggregate comprising a plurality of conjugates, wherein each 
conjugate comprises a magnetic nanoparticle linked to a binding 



moiety that specifically binds to a target molecule, to another 
binding. . . 

.specifically bind to a target molecule, wherein each conjugate in the 
first population comprises a nanoparticle comprising a magnetic 
metal oxide linked to a plurality of first binding moieties that bind 



.site on the target molecule, and wherein each conjugate in the second 
population comprises a nanoparticle comprising a magnetic metal 
oxide linked to a plurality of second binding moieties that bind. . . 

.36. A conjugate comprising a magnetic nanoparticle linked to a first 
binding moiety, wherein the first binding moiety comprises a cleavage 
site . . . 

.target molecule to form an aggregate, wherein each conjugate in the 
first population comprises a nanoparticle comprising a magnetic 
metal oxide linked to a plurality of first binding moieties that bind 



.site on the target molecule, and wherein each conjugate in the second 
population comprises a nanoparticle comprising a magnetic metal 
oxide linked to a plurality of second binding moieties that bind. . . 

.are capable of forming an aggregate, wherein each conjugate in a first 
population comprises a nanoparticle comprising a magnetic metal 
oxide linked to a first binding moiety, wherein the first binding... 

.target molecule in a sample, the method comprising obtaining first and 
second populations of oligonucleotide- nanoparticle conjugates, 
wherein each conjugate in the first population comprises a 
nanoparticle having a magnetic metal oxide associated with a polymer 
having functional groups; and a plurality of first oligonucleotides 
attached to the functional groups on the nanoparticle ; and wherein 
each conjugate in the second population comprises a nanoparticle 
having a metal oxide associated with a polymer having functional 
groups; and a plurality of second oligonucleotides attached to the 
functional groups on the nanoparticle ; wherein the first and second 
oligonucleotides are each complementary to first and second portions 
of... 

.in the other populations; preparing a mixture of the first and second 

populations of oligonucleotide- nanoparticle conjugates; obtaining a 
fluid sample; contacting the mixture with the sample under conditions 
that enable . . . 

.purifying a target molecule from a sample, the method comprising 
obtaining a conjugate comprising a nanoparticle comprising a 
magnetic metal oxide linked by a cleavable bond to a binding moiety 
that ... 

.in a plurality of samples, the method comprising obtaining first and 
second populations of oligonucleotide- nanoparticle conjugates, 
wherein each conjugate in the first population comprises a 
nanoparticle having a magnetic metal oxide associated with a polymer 
having functional groups; and a plurality of first oligonucleotides 
attached to the functional groups on the nanoparticle , and wherein 
each conjugate in the second population comprises a nanoparticle 
having a metal oxide associated with a polymer having functional 



groups; and a plurality of second oligonucleotides attached to the 
functional groups on the nanoparticle ; wherein the first and second 
oligonucleotides are' each complementary to first and second portions 
of . . . 

...in the other populations; preparing a mixture of the first and second 

populations of oligonucleotide- nanoparticle conjugates; obtaining a 
plurality of fluid samples; contacting a portion of the mixture with 
each. . . 

. . .the samples to hybridize to the first and second oligonucleotides of 
both populations of oligonucleotide- nanoparticle conjugates; and 
simultaneously obtaining the relaxation properties of the fluid in 
each of the plurality. . . 

...administering to the subject at least one population of conjugates, 

wherein each conjugate comprises a nanoparticle having a magnetic 
metal oxide linked to a binding moiety that specifically binds to the 

Non-exemplary or Dependent Claim (s) : 

...The composition of claim 14, wherein the conjugates further comprise 
functional groups that link the nanoparticles to the binding 
moieties . . . 

...The composition of claim 15, wherein the conjugates further comprise a 
polymer associated with the nanoparticles , and wherein the 
functional groups are bound to the polymer and to the binding 
moieties . . . 

...25. The composition of claim 24, wherein the oligonucleotides are 

attached to the nanoparticles by a single covalent bond at the 3 1 
or 5 ! end of each oligonucleotide... 

...28. The composition of claim 14, wherein the plurality is three binding 
moieties per nanoparticle . 



...35. The composition of claim 14, wherein the nanoparticle is an 
amino-derivatized cross-linked iron oxide nanoparticle . 
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Description of the Invention: 

...the filler may also be utilized as a means to time drug-release from 
a nanoparticle . A polymer coating may further be used to enable 
selective filtering, transfer, capture, and removal of species and 
molecules from blood into the nanoparticle . 

[. . . 

...0088] A nanoparticulate non-stoichiometric filler for biomedical 
operations might be a carrier or support for a drug. . . 

...might even be the drug itself. Possible administration routes include 
oral, topical, and injection routes. Nanoparticulates and 
nanocomposites are anticipated to also have utility as markers or as 
carriers for markers. . . 

...0089] In some examples of biomedical functions, magnetic 

non-stoichiometric nanoparticles such as ferrites may be utilized to 
carry drugs to a region of interest, where the particles may then be 
concentrated using a magnetic field. Photocatalytic non-stoichiometric 
nanoparticles can be utilized to carry drugs to a region of interest and 
then photoactivated. Thermally sensitive non-stoichiometric 
nanoparticles can similarly be utilized to transport drugs or markers or 
species of interest and then thermally activated in the region of 
interest. Radioactive non-stoichiometric nanoparticulate fillers are 
anticipated to have utility for chemotherapy. Nanoparticles suitably 
doped with genetic, cultured, or other biologically active materials may 
be utilized in a... 

...assist in concentrating the particle and then providing therapeutic 

action. To illustrate, magnetic and photocatalytic nanoparticles may be 
formed into a composite, administered to a patient, concentrated in area 
of interest . . . 

...activated using photons directed to the concentrated particles. As 

markers, coated or uncoated non-stoichiometric nanoparticulate fillers 
may be used for diagnosis of medical conditions. For example, fillers may 
be concentrated. . . 

...magnetic resonance imaging or other techniques. In all of these 
applications, the possibility exists that nanoparticulates can be 
released into the body in a controlled fashion over a long time period. . . 

. . .partially or completely, into a non-stoichiometric form by heat treating 
the device in borane, ammonia , hydrogen, methane, or silane to form a 
non-stoichiometric boride, nitride, oxide, hydride, carbide, silicide, or 
a combination thereof. In another example, a sensor or battery device 
can be prepared from stoichiometric electrochemical materials which can 
then be transformed 
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Fulltext Word Count: 15462 

Description of the Invention: 

...the filler may also be utilized as a means to time drug-release from 
a nanoparticle . A polymer coating may further be used to enable 
selective filtering, transfer, capture, and removal of species and 
molecules from blood into the nanoparticle . 

[... 

...0088] A nanoparticulate non-stoichiometric filler for biomedical 
operations might be a carrier or support for a drug. . . 

...might even be the drug itself. Possible administration routes include 
oral, topical, and injection routes. Nanoparticulates and 
nanocomposites are anticipated to also have utility as markers or as 
carriers for markers . . . 

...0089] In some examples of biomedical functions, magnetic 

non-stoichiometric nanoparticles such as ferrites may be utilized to 
carry drugs to a region of interest, where the particles may then be 
concentrated using a magnetic field. Photocatalytic non-stoichiometric 
nanoparticles can be utilized to carry drugs to a region of interest and 
then photoactivated. Thermally sensitive non-stoichiometric 
nanoparticles can similarly be utilized to transport drugs or markers or 
species of interest and then thermally activated in the region of 
interest. Radioactive non-stoichiometric nanoparticulate fillers are 
anticipated to have utility for chemotherapy. Nanoparticles suitably 
doped with genetic, cultured, or other biologically active materials may 
be utilized in a. . . 

...assist in concentrating the particle and then providing therapeutic 



action. To illustrate, magnetic and photocatalytic nanoparticles may be 
formed into a composite, administered to a patient, concentrated in area 
of interest. . . 

...activated using photons directed to the concentrated particles. As 

markers, coated or uncoated non-stoichiometric nanoparticulate fillers 
may be used for diagnosis of medical conditions. For example, fillers may 
be concentrated. . . 

...magnetic resonance imaging or other techniques. In all of these 
applications, the possibility exists that nanoparticulates can be 
released into the body in a controlled fashion over a long time period. . . 

. . .partially or completely, into a non-stoichiometric form by heat treating 
the device in borane, ammonia , hydrogen, methane, or silane to form a 
non-stoichiometric boride, nitride, oxide, hydride, carbide, silicide, or 
a combination thereof. In another example, a sensor or battery device 
can be prepared from stoichiometric electrochemical materials which can 
then be transformed 
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Fulltext Word Count: 15566 

Description of the Invention: 

...the filler may also be utilized as a means to time drug-release from 
a nanoparticle . A polymer coating may further be used to enable 
selective filtering, transfer, capture, and removal of species and 
molecules from blood into the nanoparticle . 

[... 

...0088] A nanoparticulate non-stoichiometric filler for biomedical 
operations might be a carrier or support for a drug... 



...might even be the drug itself. Possible administration routes include 
oral, topical, and injection routes. Nanoparticulates and 
nanocomposites are anticipated to also have utility as markers or as 
carriers for markers . . . 

...0089] In some examples of biomedical functions, magnetic 

non-stoichiometric nanoparticles such as ferrites may be utilized to 
carry drugs to a region of interest, where the particles may then be 
concentrated using a magnetic field. Photocatalytic non-stoichiometric 
nanoparticles can be utilized to carry drugs to a region of interest and 
then photoactivated. Thermally sensitive non-stoichiometric 
nanoparticles can similarly be utilized to transport drugs or markers or 
species of interest and then thermally activated in the region of 
interest. Radioactive non-stoichiometric nanoparticulate fillers are 
anticipated to have utility for chemotherapy. Nanoparticles suitably 
doped with genetic, cultured, or other biologically active materials may 
be utilized in a. . . 

...assist in concentrating the particle and then providing therapeutic 

action. To illustrate, magnetic and photocatalytic nanoparticles may be 
formed into a composite, administered to a patient, concentrated in area 
of interest. . . 

...activated using photons directed to the concentrated particles. As 
markers, coated or uncoated non-stoichiometric nanoparticulate fillers 
may be used for diagnosis of- medical conditions. For example, fillers may 
be concentrated... 

...magnetic resonance imaging or other techniques. In all of these 
applications, the possibility exists that nanoparticulates can be 
released into the body in a controlled fashion over a long time period... 

. . .partially or completely, into a non-stoichiometric form by heat treating 
the device in borane, ammonia , hydrogen, methane, or silane to form a 
non-stoichiometric boride, nitride, oxide, hydride, carbide, silicide, or 
a combination thereof. In another example, a sensor or battery device 
can be prepared from stoichiometric electrochemical materials which can 
then be transformed 
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Fulltext Word Count: 15490 

Description of the Invention: 

...the filler may also be utilized as a means to time drug-release from 
a nanoparticle . A polymer coating may further be used to enable 
selective filtering, transfer, capture, and removal of species and 
molecules from blood into the nanoparticle . 

[... 

...0090] A nanoparticulate non-stoichiometric filler for biomedical 
operations might be a carrier or support for a drug... 

...might even be the drug itself. Possible administration routes include 
oral, topical, and injection routes. Nanoparticulates and 
nanocomposites are anticipated to also have utility as markers or as 
carriers for markers . . . 

...0091] In some examples of biomedical functions, magnetic 

non-stoichiometric nanoparticles such as ferrites may be utilized to 
carry drugs to a region of interest, where the particles may then be 
concentrated using a magnetic field. Photocatalytic non-stoichiometric 
nanoparticles can be utilized to carry drugs to a region of interest and 
then photoactivated. Thermally sensitive non-stoichiometric 
nanoparticles can similarly be utilized to transport drugs or markers or 
species of interest and then thermally activated in the region of 
interest. Radioactive non-stoichiometric nanoparticulate fillers are 
anticipated to have utility for chemotherapy. Nanoparticles suitably 
doped with genetic, cultured, or other biologically active materials may 
be utilized in a. . . 

...assist in concentrating the particle and then providing therapeutic 

action. To illustrate, magnetic and photocatalytic nanoparticles may be 
formed into a composite, administered to a patient, concentrated in area 
of interest . . . 

...activated using photons directed to the concentrated particles. As 

markers, coated or uncoated non-stoichiometric nanoparticulate fillers 
may be used for diagnosis of medical conditions. For example, fillers may 
be concentrated. . . 

...magnetic resonance imaging or other techniques. In all of these 
applications, the possibility exists that nanoparticulates can be 
released into the body in a controlled fashion over a long time period. . . 

. . .partially or completely, into a non-stoichiometric form by heat treating 
the device in borane, ammonia , hydrogen, methane, or silane to form a 
non-stoichiometric boride, nitride, oxide, hydride, carbide, silicide, or 
a combination thereof. In another example, a sensor or battery device 
can be prepared from stoichiometric electrochemical materials which can 
then be transformed 
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Fulltext Word Count: 15436 

Description of the Invention: 

...the filler may also be utilized as a means to time drug-release from 
a nanoparticle . A polymer coating may further be used to enable 
selective filtering, transfer, capture, and removal of species and 
molecules from blood into the nanoparticle . 

[... 

...0088] A nanoparticulate non-stoichiometric filler for biomedical 
operations might be a carrier or support for a drug... 

...might even be the drug itself. Possible administration routes include 
oral, topical, and injection routes. Nanoparticulates and 
nanocomposites are anticipated to also have utility as markers or as 
carriers for markers . . . 

...0089] In some examples of biomedical functions, magnetic 

non-stoichiometric nanoparticles such as ferrites may be utilized to 
carry drugs to a region of interest, where the particles may then be 
concentrated using a magnetic field. Photocatalytic non-stoichiometric 
nanoparticles can be utilized to carry drugs to a region of interest and 
then photoactivated. Thermally sensitive non-stoichiometric 
nanoparticles can similarly be utilized to transport drugs or markers or 
species of interest and then thermally activated in the region of 
interest. Radioactive non-stoichiometric nanoparticulate fillers are 
anticipated to have utility for chemotherapy. Nanoparticles suitably 
doped with genetic, cultured, or other biologically active materials may 
be utilized in a... 



.assist in concentrating the particle and then providing therapeutic 



action. To illustrate, magnetic and photocatalytic nanoparticles may be 
formed into a composite, administered to a patient, concentrated in area 
of interest ... 



..activated using photons directed to the concentrated particles. As 
markers, coated or uncoated non-stoichiometric nanoparticulate fillers 
may be used for diagnosis of medical conditions. For example, fillers may 
be concentrated. . . 



..magnetic resonance imaging or other techniques. In all of these 
applications, the possibility exists that nanoparticulates can be 
released into the body in a controlled fashion over a long time period. . . 

. .partially or completely, into a non-stoichiometric form by heat treating 
the device in borane, ammonia , hydrogen, methane, or silane to form a 
non-stoichiometric boride, nitride, oxide, hydride, carbide, silicide, or 
a combination thereof. In another example, a sensor or battery device 
can be prepared from stoichiometric electrochemical materials which can 
then be transformed 
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Fulltext Word Count: 15447 

Description of the Invention: 

. . .the filler may also be utilized as a means to time drug-release from 
a nanoparticle . A polymer coating may further be used to enable 
selective filtering, transfer, capture, and removal of species and 
molecules from blood into the nanoparticle . 

[... 



..0090] A nanoparticulate non-stoichiometric filler for biomedical 
operations might be a carrier or support for a drug... 



...might even be the drug itself. Possible administration routes include 
oral, topical, and injection routes. Nanoparticulates and 
nanocomposites are anticipated to also have utility as markers or as 
carriers for markers. . . 

...0091] In some examples of biomedical functions, magnetic 

non- stoichiometric nanoparticles such as ferrites may be utilized to 
carry drugs to a region of interest, where the particles may then be 
concentrated using a magnetic field. Photocatalytic non-stoichiometric 
nanoparticles can be utilized to carry drugs to a region of interest and 
then photoactivated . Thermally sensitive non-stoichiometric 
nanoparticles can similarly be utilized to transport drugs or markers or 
species of interest and then thermally activated in the region of 
interest. Radioactive non-stoichiometric nanoparticulate fillers are 
anticipated to have utility for chemotherapy. Nanoparticles suitably 
doped with genetic, cultured, or other biologically active materials may 
be utilized in a... 

...assist in concentrating the particle and then providing therapeutic 

action. To illustrate, magnetic and photocatalytic nanoparticles may be 
formed into a composite, administered to a patient, concentrated in area 
of interest . . . 

...activated using photons directed to the concentrated particles. As 
markers, coated or uncoated non-stoichiometric nanoparticulate fillers 
may be used for diagnosis of medical conditions. For example, fillers may 
be concentrated. . . 

...magnetic resonance imaging or other techniques. In all of these 
applications, the possibility exists that nanoparticulates can be 
released into the body in a controlled fashion over a long time period... 

. . .partially or completely, into a non-stoichiometric form by heat treating 
the device in borane, ammonia , hydrogen, methane, or silane to form a 
non-stoichiometric boride, nitride, oxide, hydride, carbide, silicide, or 
a combination thereof. In another example, a sensor or battery device 
can be prepared from stoichiometric electrochemical materials which can 
then be transformed 
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